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HK IF IT ROLLS—Is SUBJECT TO CORROSION OR ABRASION—HI-STEEL WILL DO A BETTER Jog; 
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THE HIGH STRENGTH, LOW ALLOY STEEL OF MANY USES 


Many manufacturers are profiting by the advantages —_ Bridges, Storage Tanks, Bins, ete. 


of Inland Hi-Steel* in product performance and man- You will find Hi-Steel a ductile, low-alloy steel of- 
ufacturing procedures. fering properties for fast and economical fabrication. 


Compare its yield point of 52,500 PSI and tensile Strong welds may be made with gas, arc, or resistance 
strength of 70,000 PSL with any standard steels you welding equipment. Machining and forming can be 
are now using. This added strength means that your done with little or no changes in speeds, feeds and 
product can be made stronger with the same cross power used with ordinary carbon steels. 


section, or equally as strong with a smaller cross-sec- Hi-Steel is produced in plates, bars, structural 
tion of Hi-Steel. shapes and hot or cold rolled sheet and strip. 
Long life under abrasive action and corrosive con- At present, the demand for Hi-Steel exceeds ton- 


ditions are also features of products made with Inland — nage being produced. We are, however, doing every- 
Hi-Steel. It has been used successfully in the manu- thing in our power to increase this production to 
facture of Railroad, Construction, Automotive, meet industries’ increased demand. 

Material Handling, Mining and Farm Equipment, «eg. vs. pat. of. 


HELP! MORE SCRAP NEEDED! 


Extra tons of scrap are needed to make the 
extra tons of steel for American industry. 
Please keep your scrap moving back to the 


mills. 





@ inland Steel Company, 38 South Dearborn Street, Chicago 3, Illinois. Sales Offices : att a 
Detroit, indianapolis, Kansas City, Milwaukee, New York, St. Paul, St. Louis. a 
—“! 5° 
Je, 


Seu ~ 


PRINCIPAL PRODUCTS: BARS + STRUCTURALS + PLATES + SHEETS + STRIP + TIN PLATE + FLOOR PLATE + PILING » REINFORCING BARS + RAILS » TRACK ACCESS#ME 
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Tue DUNGAREE NAVY, black gang, snipes or 
whatever you may call us, is not a cut-throat gang 
of swashbucklers. They're good fighting men, and 
lam proud to have been an engineer in the Navy 
in wartime. They do a routine job, underway or 
at anchor, whether steaming quietly at economical 
speed or feverishly answering bells when the Old 
Man is twisting and turning the ship, from “Ahead 
Full” to “Emergency Astern” to “Ahead Flank” 
ina matter of seconds, 30° right rudder to 30° left, 
dodging a torpedo attack, or evading the suicidal 
dive of a Kamikaze. To them, all that matters is 
the plant -— how it operates, how well it runs. 

Of all the engineers only the Smoke Watch 
lar aloft can see any action. He warns the fire 
rooms When smoke from the stacks is white or 














black ~- for smoke, you see, helps a target-happy 
enemy to spot you. The rest of the gang are 
below, secured under armored decks and hatches, 






in lire rooms or engine rooms, at steering aft, or 
a repair party. Their only contact with the 
battle is by sound-—the sound of our guns, the 
deep boom of the main battery, the harsh slam of 
the 5-in., the sharp bark of the 40's and the irregu- 
lar staccato of the 20’s. (You don’t like to hear 
the 20's _— that means Bogies are coming in close.) 









Sounds of heavy explosions, sounds of hits! The 





wund of the Batthe Announcer’s voice; he is on 
the Open Bridge, broadcasting through the ship’s 
seneral announcing system. Some of his remarks 






ear 


tre nol too reassuring: “Torpedo wake on the port 
bow “They've leveled off at about 10,000, 
‘omine in from six o'clock in the formation.” 


e 








He's iving on us 
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By Richard Doughton, Jr.,@ 


Formerly Engineer Officer 
U.S.S. Springfield 





The engineer sweats it out 
below, knowing well that a hit in 


Naval Engineering his area may get him from frag- 


mentation, concussion, flooding, or 
escaping steam. Explosions may 
buckle the hatches, sealing his 
space permanently, too long for 
him to escape. But you couldn't get 
most of them to trade places with 


Duty in Wartime the deck force at any price. 


They're engineers. 

But it’s not all battle 
it’s little battle and much prepara- 
tion, so my effort will be to touch 
briefly on the great mass of prob- 
lems confronting the Engineer 
Officer of a major combatant ship 

and some of the more common efforts to over- 


in fact, 


come them. They are purely personal obser- 
vations of the Navy and naval engineering and 
there will be nothing startling, revolutionary 
nor especially original in them. It was very difli- 
cult to become concerned with abstract problems 
while engaged in continuous wartime operations. 
These notes have been jotted down, as they came 
to me, sometimes at Main Engine Control waiting 
between air attacks or in odd moments during the 
infrequent overhaul periods. I hope that those 
who know little of the Navy and of naval engineer- 
ing will not be too bored, and those who are 
familiar with these matters will not be too critical. 
My advent into naval engineering with the 
fleet was not that of the usual Reserve Officer. I 
did not attend any of the Navy’s indoctrination 
schools for Reserve Officers; I did not just happen 
to be assigned to engineering duty; I do not hate 
the sea! I wanted engineering duty, went to sea 
at my own request, and was pretty well aware of 
what that would mean. My first association with 
the Navy was during the construction of the U.S.S. 
Akron (ZRS 4) at the Goodyear-Zeppelin Corp. in 
Akron. 
stationed there was Lieutenant Commander T. G. 
W. Settle; by the fortunes of Navy life, 15 years 
later Rear Admiral Settle broke his flag as Com- 
NorChinaFor on my last ship, U.S.S. Springfield! 
Later association came at the Fore River 
Plant of the Bethlehem Shipbuilding Corp, at 
Quincy, Mass., where I worked for several years 
in the sheet metal, pipe and boiler shops an 
invaluable apprenticeship for the future. 


The senior inspector of naval aircraft 
























When a commission in the 
U. S. Naval Reserve was granted 
me, I was at a desk in the War 
Production Board. Active duty 
orders sent me to the Bureau of 
Ships, where I did much the same 
work as I had done at W.P.B. Since 
I had expected sea duty—or at 
least something directly connected 
with shipbuilding or advance base 
repair duty — the desk job was a 
little disappointing, but soon came 
a billet as B (Boiler) Division Offi- 
cer on the battleship New Jersey. 
After a year I was ordered off that 
ship to be senior assislant engineer 
and later engineer officer of the 
U.S.S. Springfield, a new light 
cruiser of the Cleveland class. 

If you have noticed, I have 
referred several times to naval 
engineering rather than to marine 
engineering. This has been delib- 
erate. The marine engineering 
installation moves freight, passen- 
gers or mail from some place to 
another place, either on a definite 
schedule (as in the highly organ- 
ized fruit, oil or ore shipping trades 
or the luxury liners) or in the 
more-or-less roving spirit of the 
tramp, seeking cargoes where they 
may be found, taking them where 
they will go. The naval engineer- 
ing plant has only one job—to 
move a floating gun platform into 
enemy waters, deal out death and 
destruction, and then get the hell 
out of there fast! 

In the first place, the sea-going 
naval engineer is almost literally 
at the mercy of his shore-based 
brothers. It cannot be stressed too strongly that 
the engineers on the staffs of the supervisor of 
shipbuilding (SupShips), the inspector of naval 
materials (InsMat) and the inspector of naval 
machinery (InsMach) are every bit as important 
to the engineer officer of a combatant ship as are 
his best warrant officer and the bull C.P.O. Rigid 
adherence to well-established inspection standards 
by the InsMat on materials and components, by 
the InsMach on machinery units, and on installa- 
tions and testing by the SupShips can mean the 
difference between life and death to the fleet unit 
which must depend on its power plant to take the 
ship into range, inflict punishment on the enemy 
and then get out again quickly and safely. 


~ 





They Have to Be Tough in the Navy. This British 


destroyer, H.M.S. Javelin, was torpedoed at bow and 


stern and still managed to get to dry dock. (Illustrations 


Wartime Substitutes 


In these past few years, the shake-down 
cruise has been the most important period in the 
life of the new ship. If design deficiencies or con 
structional weaknesses or errors are not detected 
then, they are obviously potential causes for future 
disaster. In our ships there have been but fe" 
design deficiencies and those of relatively slight 
importance —-and even those few were detected 
in operations prior to combat. Construction’ 
errors will probably occur even under the ide! 
conditions of leisurely peacetime building sched- 
ules. The lowered applications of the existing 
standards due to the fast production requirements 
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courtesy G. A. Bassett, from his paper “The Repair 
and Upkeep of H.M. Ships and Vessels in War’, pre- 
sented to the Institution of Naval Architects last April) 


of wartime, and the shortage of genuinely first- 
class mechanics in the yards, occasionally have 
caused difficulties. Other wartime matters have 
proven troublesome: Scarcity of materials or 
‘components may require that substitutions or 
allernates be adopted which in peacetime would 
not even be briefly considered. One such expedi- 
ent, occasioned by the extremely critical shortage 
of high-grade tin, was in main engine bearings, 
through reduction of the tin content of the bearing 
metal and replacement of tin as the bonding agent 
by lead. Results were not too satisfactory and 
many of the substitute bearings had to be replaced. 
Another general example of alternate practices 
forced by material shortages is in the use of 


brass, bronzes or carbon or low 
alloy steels in certain applications 
which normally use copper-nickel 
alloys or chromium-nickel steels. 
Usually, the price was known in 
advance, and the saving in higher 
alloys was considered to be worth 
the cost of increased erosion or 
corrosion. 

There have been instances 
where the substitute proved equal 
to or better than the original speci- 
fication. This, I believe, was true 
of propulsion shafting for certain 
small craft — LCT (5), LST, 180-ft. 
AM’s and PCE’s and some YMS 
classes — in which normalized car- 
bon steel hot rolled bars, turned 
and polished, or ground and pol- 
ished, were used in lieu of forged 
shafting. Adoption of such an alter- 
nate was forced by the shortages 
of forge shops and long engine- 
lathes. Deficient physical proper- 
ties, mainly in torsional tests, had 
long been the major objection to 
rolled bars; when steelmakers dem- 
onstrated to the Navy Department 
that the torsional properties of 
rolled bars for applications of this 
nature were actually better than 
those of forged shafting, a set of 
specifications permitting their use 
was adopted. The only technical 
difficulties encountered were in the 
matter of straightness of the shaft- 
ing in the way of the journals; 
mutually satisfactory tolerances 
were agreed upon by representa- 
tives of the steel supplier, the Navy 
Department, the machine shop 
which had contracted to finish- 

machine the bar stock, and a few of the yards. It 
is also interesting to know that at least one class 
of ship which employed a variable pitch propeller 
used normalized carbon steel seamless tubing 
with an extremely heavy wall for propulsion shaft- 
ing in lieu of hollow-bored forged shafting. 


Repairs Underway 


Extended operating periods with little time 
for routine maintenance and overhaul of machin- 
ery are the cause of most difficulties afloat. The 
constant operations of a wartime Navy made it 
necessary to utilize every spare minute for work 


on pumps, valves and piping. Every time we 
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dropped the hook, the gang worked without rest 
until ordered to get underway again on some part 
of the plant. And all too frequently we performed 
major repair work while underway. On a fighting 
ship you cannot allow any piece of equipment to 
remain out of commission; it may cost you your 
life and all your mates’. 

Boiler main feed pumps have long been a seri- 
ous problem to operating engineers from erosion 
of the horizontal joints between casing-halves in 
the way of lands of casing rings, diaphragms and 
bushings. These pumps take suction from a feed 
booster pump which delivers feed water at 50 psi.; 
the main feed pumps deliver feed water to the 
boilers at 750 to 800 psi. Erosion of the pump 
‘asing, then, results in loss of feed pressure to the 
boilers -— and that ain’t good! The cause for this 
has been ascribed to the corrosive properties of 
pure feed water, aggravated by the high velocities 
and necessarily high differential pressures. This 
corrosion-erosion became the subject of much 
study, resulting in a decision to change the pump 
casing specification from Class B cast steel to a 
chromium-nickel steel casting for future require- 
ments and for replacement of eroded casings. 

Fine, but out in what have been lightly termed 
“the forward areas” most of us repaired our own 
pumps by undercutting the eroded parts and then 
building them up with 25-20 Cr-Ni welding elec- 
trodes. No, we didn’t preheat the casings before 
welding and we did not stress-relieve after. When 
there is only a short time available or there is no 
repair ship in the area, the job must be done by 
the ship’s force, and few ships have heat treating 
facilities of this nature. 

In the fire-and-flushing pumps erosion is 
again a serious matter. Here, however, it is not 
the pump casing but it is the casing wearing rings, 
impeller wearing rings, and impeller nuts which 
are affected. The usual brass or bronze rings and 
nuts are good for about four months only before 
erosion increases the clearances (with correspond- 
ing loss of discharge pressure). The grades of 
monel usually available in the: forward areas are 
seldom the erosion resistant types. I wanted 
K-monel, heat treated to a minimum of 300 Bri- 
nell, but it was seldom to be found. 

The spare parts allowance of the engineering 
department is one of the most important matters 
to the engineer at sea, primarily because of the 
great multiplicity of necessary items. You can't 
take everything with you and sometimes the esti- 
mates are wrong; the actual failures may not be 
the ones anticipated. Further, the original spare 
parts allowance may have been based on service 
much different from wartime operations. 

In addition to a need for a simplification of 
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the spare parts requirements, the production prob. 
lems of wartime have also clearly indicated 
necessity for some standardization of design jn 
many types of equipment. The mulliludinoys 
variety of styles, types and sizes of ball bearings 
is an outstanding example of this need. Similarly. 
reduction in the number of piping, valve and {it 
ting sizes, with attendant simplification of gaske) 
types and sizes, seems desirable. Entire stand. 
ardization of naval engineering equipment js 
neither practicable nor desirable; for one thing jt 
would discourage the industrial competition which 
has contributed so largely to the Navy’s success 
by its continually evolutionary developments. An 
example of a policy which did make sense, to my 
way of thinking, was the joint War Production 
Board and American Iron & Steel Institute’s work 
that developed the National Emergency triple 
alloy steel specifications. 


Service Shop at Sea 


The engineering department is the service 
department of the ship. In addition to its obvious 
duties of supplying propulsion and power for gun- 
nery and communications, it handles a hundred 
other requirements to make the ship a capital city 
Light, central heating, telephone service, fresh 
water — all are the engineers’ work. ‘The Firs! 
Lieutenant runs the plumbing system, but in mos! 
ships the flushing pressure is maintained by engi- 
neering pumps — salt water is used, of course 
The engineers make fresh water for the galleys. 
for showers and for drinking, in their salt wate 
evaporator sets. 

A variety of repair work keeps the machine 
shop and maintenance gangs running at capacil) 
all day: A broken part for the dish washing 
machine, a steam leak in the laundry, a burned- 
out heating element for the Captain's coffee-maker, 
a slug in the wardroom Coke dispenser, a hot- 
running scuttlebutt (drinking fountain to land 
lubbers) —- or someone leaves a telephone receive! 
off the hook! 

The magnitude of the engineer officers 
responsibility is best described by U. S. Nav) 
Regulations 1920, Article 784: 

“The engineering officer of the ship shall be 
responsible for the care and maintenance and 
proper operation of all machinery in the ship under 
the cognizance of the Bureau of Ships except radio 
and sound equipment. . .. He shall be responsible 
for the care and maintenance of the steering engine 
and anchor engine. He shall be responsible for 5° 
much of the operation of the steering engin¢ and 
anchor engine as relates to preparing them for use, 
supervision during use and securing after use. --: 
He shall be responsible for the care and mainte 


al 








rob- 





wee of other power driven machinery units under 
the Bureau of Ships and of electrically operated 
pavigational instruments, aids and apparatus. 

In addition, he shall be responsible for the care, 
maintenance and operation of such other power 
erated units of equipment with attendant control 
apparatus as may be specifically assigned him by 
the commanding officer.” 

A large order. Literal compliance with it is 
virtually an impossibility for most engineering 
departments, on the basis of an inadequate num- 
Actually, personnel from 
the deck sections operate the boat and deck 


ber of personnel alone. 


winches, airplane crane, or anchor engine, with an 
engineer standing by; gunnery operates the 
ammunition hoists and turret training gear; the 
supply department’s commissary branch operates 
galley, pantry and scullery gear; its ship’s service- 
men specialists are in the laundry, cobbler and 
tailor shops or soda fountain. 


Practical Metallurgy in the 
Engine Room 





































You have possibly been 
wondering what place there 
was for metallurgical engi- 
neering, after the things I 
Well, 


there is a real place for the 


have been recounting. 


metallurgist and a real use for 
any metallurgical information 
that happens to lodge in the 
memory of any engineering 
Oflicer. The metallurgist, as a 
specialist, would undoubtedly 
be welcomed aboard a repair 
ship or tender. Repair ships, 
lenders, and some large car- 
riers and battleships have a 
small foundry and a black- 
smith shop in addition to the 
My last ship, 
a 10,000-ton light cruiser, has 


machine shop. 


machine shop, metalsmith- 
coppersmith shop, and welding 
and flame cutting equipment. 
We rigged up our own melting 
equipment and were doing 
some heat treating. (By that, 
1 don't mean that we had an 
induction furnace and a line 
of salt baths and controlled 
atmosphere furnaces with 
recording pyrometers, but we 
Were able to do a lot of things 


that are not done on many 
Ships 


Page 459 


literally the heart of the ship. 


Most of our efforts were frankly makeshift, 
but when you have machinery derangements in 
the forward areas, you can’t go to a Navy Yard 
If you don’t have 
the part in your spare parts allowance, you repair 
As I said previ- 


and requisition what you need. 


the old one or make a new one. 
ously, you cannot allow any piece of equipment 
to remain out of commission, as it might mean 
your own and your ship’s life. 

Like all ships we stocked up as best we could 
on bar stock of various sizes and shapes in mild 
steel (about S.A.E. 1015), drill rod, 18-8, carbon- 
moly alloy steel bars. Small amounts of 18-8 and 
soft iron sheets. Brass, copper and monel bars 
and sheets. Low and high carbon steel clectrodes, 
25-20 and 18-8. We did tricks with that small 
stock! We made valve stems, pump shafts, gun 


parts; we welded steam lines, and tanks: we 


Pumps (Dozens of Them) Require Constant Attention. Handling 


water (fresh and salt) at pressures up to 800 psi., they are 


(Official U.S. Navy photograph) 




















“There’s One That Won't Come Loose Again!” 
The seaman replaces the inspection hole cover 
onacondenser. (Official U.S. Navy photograph) 


brazed high pressure oil piping, repaired type- 
writers, gages, air conditioning units. It was a lot 
of work! 

The melting equipment I mentioned awhile 
back is an example of using whatever is at hand. 
The necessary use of dissimilar metals in the 
construction of valves, or lube oil coolers, or salt 
water systems in general, quite naturally results 
in electrochemical action, galvanic or electrolytic 
corrosion as you may prefer to call it. To combat 
this, it becomes advisable to localize it by delib- 
erately installing a material which has a greater 
attraction for this attack, such as a cast iron 
waster piece or spool, being prepared to replace it 
periodically. If the designed shape or size or 





accessibility males the 
use of cast ir spools 
impracticable, zinc pen. 
cils or plates are installed 

We started with 
what seemed to be a gep- 
erous supply of 
and %-in. round zing 
(drawn) bars and %-in 
zinc plates. Operating in 
the tropical waters of the 
Pacific increased the rate 
of corrosion far beyond 
all estimates, and when 
we had used the bar stock. 
there was no more to be 
had in the area. We were 
about to use the plate 
stock, milling pencils 
from them, not only 
wasting scarce zinc but 
requiring considerable 
shop time. 
would eventually run 
out of plate stock! 

Fortunately we met 
a repair ship that had 
a small iron foundry 
and also had a stock of 
spelter. We had them 
cast us two iron plates, 
10x10x2 in.; we faced 
off these plates for a 
metal-to-metal fit and 
then drilled 4%, °s, and 
%g-in. central holes to a 
depth of 8 in. while the 
plates were clamped 
face-to-face. That made 
a permanent mold. Fo! 
melting, we used a casl 
iron solder pot set in 3 
hearth made from spare boiler bricks heated by a 
Hauck oil-burning torch using ciesel oil and low 
pressure air. The set-up worked, too; we even mac 
zine pencils for other ships! The only machining 
necessary was to thread one end of the rough pet 
cil. (We planned to try casting pencils complete 
with threads!) The same melting rig was used 
for bearing metals. 

Heat treating facilities were no more elabo- 
rate. The same diesel oil torch was used and the 
same hearth. All heating and drawing temper 
tures were judged by eye, and I could never be 
certain of results so we ran test pieces first ! 
determine whether to quench in air, oil o1 wale! 
Heat: treating was done to aim at strengths 


Also, we 
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hardnesses — except of course for items which 
required only annealing, such as low carbon steel 
for gaskets. 

There were no laboratory facilities, no Brinell 
r Rockwell hardness testers, no tensile machines. 
4l] comparisons had to be made by hardness 
approximations, using a set of triangular files 
which had been tempered, back in the States, from 
400 to 1050° F. and then brinelled. By a crude 
scratching test, hardness approximations were 
obtained from which tensiles were hoped for! 
Elimination by scratching the test pieces until one 
file would scratch and the next would not, sufficed 
for the mechanics of the test. 

Most of the heat treating was for valve stems, 
shear pins and the like; we also did some stress 
relieving or annealing on some welded parts. One 
small job of some possible interest was the shaft 
forasmall pump. The original shaft had cracked 
and there was no spare available. I assumed it 
needed high tensile strength with moderate ductil- 
ity and a relatively hard surface for the journals, 
so | had the threads machined off a 1%-in. stud 
for jointing high pressure steam line flanges 
believed to be Class An steel), and then heat 
treated the piece. Upon return to the States, I 
had a check piece of the same material and treat- 
ment analyzed and tested mechanically. Results 
were 0.47% C, 0.81% Mn, 0.29% Si, 0.33% Ni, 
0.92% Cr, 0.45% Mo and 0.02% V. The yield 
strength of the heat treated shaft was 160,000 psi., 
its ultimate strength was 244,500 psi., 15% elonga- 
tion in 2 in. and 47% reduction of area. Its hard- 
ness was 484 Brinell. 

I tried one job of carburizing, outstanding 
mainly for its lack of success. A freon sealing 
diaphragm of 0.008-in. “Swedish blue tempered 
ultra quality” steel cracked, and of course there 
Were no spares on board. Replacements made of 
spring bronze and of 18-8 lasted only about 24 hr. 
each. I tried to carburize a piece of low carbon 
sheet, about 26 gage, by packing it in soot, plan- 
ning to surface grind to the proper thinness. We 
Will not discuss the results. Finally we met a 
ship which had a spare diaphragm. 

Probably the most important job of all was 
the Chaplain’s gaff; the shipfitters had made one 
lor him but when he used it on a barracuda, the 
bend straightened out and the fish swam away. 
We used -in. drill rod, tempered at about 700° F., 
think. It worked. 

Welding offered some problems, primarily 
due to inexperience on the part of the welders. 
Shipfitters, metalsmiths and boilermakers gen- 
erally acquire a rudimentary knowledge of the art, 
but there is not sufficient steady work for them 
'o keep their hands in, and in welding technique 
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as in so many other jobs — there is no substi- 
tute for experience. However, it was my good 
fortune on the U.S.S. Springfield to be with several 
men who had more than average skill, considering 
their hours of practice. 

Experiment with various grades of welding 
electrodes in the allowance showed that the 25-20 
Cr-Ni seemed easiest to use; it welded in well but 
did not burn thin sections. While admittedly an 
overgrading, its adaptability was often of great 
importance. Light gage 18-8 sheets, for example, 
were used as division plates in forced draft 
intakes; butt welds made during installation failed 
because of vibration. The use of 18-8 rods resulted 
in burned areas in the light sheets and more 
breakage; when the 25-20 rods were used, welds 
were sound and the sheets were not burned. Addi- 
tional external bracing reduced the vibration and 
no further difficulties were encountered. Inlay 
welding of main feed pump casings has been 
mentioned previously. 


Versatility of 25-20 


The heat resistant properties of the 25-20 
grade were demonstrated in the repair of a badly 
burned soot-blower head. This was located in the 
roof of the superheater side firebox, an area ol 
hot furnace gases; it burned so badly that its 
efliciency was reduced at least 75%. We built up 
the head with 25-20 electrode, ground it to shape, 
and reinstalled it with entirely satisfactory service 
from then on. 

A last example of the versatility of the grade 
is in its application as a hard — or rather erosion 
resisting —- surfacing material for valve disks and 
steam-trap seats. Steam-cut areas were built up 
on the contact face with 25-20 rod, quenched in 
water, rough machined, peened and then ground 
to finish with a tool-post grinder. 

I hadn’t done any spark testing since separat- 
ing some mixed steels in 1937, but I had planned 
to make up a set of standards next time we were 
back in Pearl or the States. They would have been 
useful several times. 

In the few years prior to my service in World 
War II when I was away from ships and naval 
engineering installations, there had been great 
changes. I imagine that if another war comes 
along (and I'll sit that one out, from a desk in 
Washington, please) we'll again have a strange 
new Navy. Probably gas turbines for propulsion. 
Completely air-conditioned machinery spaces. All 
kinds of automatic gear. Electronics gone wild. 
One thing, however, will not have changed; men 
will still be the most important part of the engi- 
neering plant. 






















































A Method 


for Evaluating 


Toughness of Steel 


Various METHODS have been proposed for 
obtaining a figure of merit which expresses the 
always-to-be-desired combination of strength and 
toughness in constructional steels. To mention but 
a single instance, Metal Progress carried in the 
March issue a data sheet for obtaining a figure of 
merit used to a considerable extent in the automo- 
live industry, designated as the P value, based upon 
a weighted expression or combination of tensile 
strength and reduction of area as given by the 
formula _ Sc9e 
| ( 1000 

While the use of the P value for the compara- 

tive rating of steels of similar tvpes and heat 
treatments is not questioned, experience has 
shown that reduction of area is not necessarily a 
good criterion of toughness. An alternate method 
for evaluating and expressing the merit of steel in 


+6 R.A.) 


terms of strength or hardness and notched-bar 
impact energy is herein suggested. All of the 
mechanical service properties can be evaluated 
and except for fatigue can be easily expressed in 
terms of these two test values. For fatigue strength 
there is a rather close relationship between tensile 
strength and polished bar endurance, but there is 
some evidence to indicate that notched-bar endur- 
ance is influenced by toughness as well as strength. 
Other special tests, of course, are always necessary 
to evaluate such properties as corrosion and abra- 
sion resistance, strength at elevated temperatures, 
machinability, and weldability. 
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Meaning of Toughness 
Toughness is the ability | 


absorb energy by deformation 
It is a property of the materia! 
but one which is greatly affected 
by the conditions of testing or of 
loading. If data derived in the 
ordinary tensile test are plotted 
as in Fig. 1, where the horizontal! 
scale represents © reduction of 
area rather than % elongation. 
the area under such a tensile 
curve is a quantitative measure 
of toughness and may be approx- 
imated by an equation involving 
the factors tensile strength and 
reduction of area. 

True tensile loading seldom 
exists in machines or structures 
and tensile failures involving 
large deformations before failure are very rar 
Such accidents represent either a gross error 
the design or a considerable unanticipated over- 
load of the structure. Hence, everything beyond 
about 1@ plastic deformation in the tensile curv 
is very seldom used in service. 

What is required is the assurance of a small 
amount of reserve plastic deformation — 2 
under conditions of tensile loading but under th 
unfavorable conditions of nonaxial loading when 
stress concentrators such as notches or sharp 
changes in section are involved and, often though 
not necessarily, under shock loading at subno 
mal temperatures. The purpose of this reserve s 
simply to allow slight plastic adjustment to lev 
out the load distribution and avoid the formation 
of a crack which intensifies the stress concentric 
tion and reduces the load-carrying area, Thi 
point may be easily demonstrated by making stati 
tensile or bending tests of notched specimens 0! 
tough and brittle steels and observing the decreas 
in load-carrying ability of the brittle steel as th 
strength level or the severity of the noteh increases 
beyond a critical value. 

*At the time of writing (April, 1946) Mr. Herre 
was Captain, Ordnance Department, and chief of 
welding development section, and Mr. Jones was chic! 
of the specification section of Watertown \rsena 


Laboratory. The statements or opinions express 
are to be considered those of the authors and nol 
necessarily express the views of the Ordoane' 


Department. 

























Fig. 1 - 


Conventional © Elongation in 
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To illustrate this point bend bars *2 in. 


») 


= 


wide and 1%. in, 
with V-notch 0.08 in. deep and 0.002 in. radius across the 





leep. 
tk aarrow edge, were prepared from a single piece of 0.29% C 
on medium alloy steel. They were then heat treated to approxt- 
ial mately the same tensile strength, two by quench and draw and 
fed two by normalize and draw (see Table I for tensile and impact 
of values Samples for each heat treatment were bent on a 4-in. 
he san at normal and at low temperatures (see Fig. 2). Breaking 
ed 
tal 
pe Table I|— Effect of Testing Temperature and Heat Treatment 
Upon Charpy V-Notch Impact Resistance of 0.26% C Aluminum 
‘le Killed and Boron Treated Mn-Mo Steel (a) 
‘4 PROPERTY bese QuENCHED (>) NORMALIZED (« 
i\- PERATURE ' 
: lensile strength + 70° F. 131,200 psi. 122,000 psi. 
_ 110° F. 155.100 138,000 

Reduction of area + 70°F. 62-63% D8-o8 

100° F. 56-58 n4-54 

Charpy V-notch impact + 212° F. do-o4 ft-lb. 21-14 ft-lb. 

+ F0° F. 5D-D5 8-6 
O° F. 3-4 
10° F. DD-DD 3-3 
100° F. a1-45 











133 Mo. 
(b) Water quenched from 1600° F., air cooled 

resulting in tempered martensite. 
(cc) Air cooled from 1600° F., 


pearlitic microstructure. 








dds were recorded = as 
follows: 

The quenched and 
lempered bar: 31,500 Ib. 
it +70" F. and 32,000 Ib. 
if 10’ FF, For the nor- 
malized and tempered 
bar, 23,000 Ib. at + 70° F. 
and 21,000 Ib. at 10° F. 

If a total Fig. 2 
deformation in the ten- 
‘ile test was a guarantee 
i the required toughness 
undet 





large 


severe conditions 


{ loading, a minimum 


requirement for redue- 
tion of area in the tensile 
est suld accomplish 


‘Vervthing desired. 
Unfor unately, talfy-like 
ly, 7 
behavior in a tensile bar 
d ' 


es bot offer any assur- 


(a) Analysis: 0.260 €, 1.6866 Mn, 0.013¢¢ P, 0.021° 
from 1200" F., 


then from 1140° F., 


co S, 0.240 Si, 


resulting in 
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Tensile Curve Where the Strain ( Horizon- 
tal Scale) Is % Reduction of Area Rather Than 
In. Gage Length 


Stress (L0a0 + Original APE3)—~ 


in Normalized and Drawn Condition | 
Drawn Condition (Below), Both Broken at Room Temperature 








Ultimate 
Tensile Strength’ 
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| Breaking Stress 


+ 4 + + + + ? , 
| ‘Yield Strength | 

(An arbitrary amount of 
4 plastic aeformation) _ 
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% Reauction of Aréa—~ 
ance that the metal will behave 


similarly under more severe load- 
ing conditions. There is good rea 


son for this: before a tensile bat 


has been stressed to the fracture 


load, 
taken place to line up all 


sufficient plastic flow has 
small 
inhomogeneities in the direction of 
load = is 


still 


flow and the fracture 


thereby raised, permitting 


more deformation. 


Fractures (Full Size) of Votched Bend Bars of a Steel 


{bove) and Quenched and 
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Fig. 3 — Effect of Type of we O 50 


Notch and Direction of Rolling | 


on Standard Charpy Notched- V-Notch 


Bar Impact Values (Jackson, 100 }+}—— (Longitudinal) 


Pugacz and McKenna, Trans- 
actions A.J.M.E., 1944) 


80 + 
A stress concentra- | | | | 
tion, however, may cause | 
the stecl to be loaded to 60 | | ] T 
failure without opportu- = | 


nily for large plastic flow, 
and il is under such con- 
dilions that considerable 
differences in the inher- 
ent toughness of steel 
become apparent and are 
important. These dilfer- 
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phe an 200 ditions. The severi'y ef the 
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sharpness of notch, width 
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decrease breaking span): 
(b) decreasing temperature 
of testing; or (c) increasihg 


SS con- 
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. Aeyhole Notch mae rate of loading o: impact. 
r angst) Since it is obviously 


—— desirable to use standard 
_V-Notch testing machines and speci- 
| (Transvérse)— mens there are only two 
+—+-—-— | decisions to make: First. 
keyhole Notch | the type of specimen, 
(Transverse) —-— whether Izod, Charpy key- 

hole notch, or Charpy 
V-notch; and second, the 


—_—+ + + 








ences are known to be 0 100 


due largely to quality 
(amount and _ distribu- 
tion of nonmetallic inclu- 
sions), chemical composition, and heat treatment. 

It is generally agreed by testing engineers that 
the use of notched tensile or bend test bars pro- 
vides a means of bringing the effect of stress con- 
centrations into the determination of toughness of 
steels, but extreme care in preparation and testing 
is required for reproducibility of results. Further, 
the value obtained relates only to one testing condi- 
tion and is therefore qualilative in nature. 

Other than the method of test (whether tensile, 
bend, or notched-bar) the other two testing vari- 
ables — temperature and speed of loading — can 
also be utilized for determining the toughness of 
steel. As the temperature of testing is decreased 
below normal atmospheric temperatures, the yield 
strength of all steels increases and the rate of 
strain hardening also increases. This results in 
an increase in the load or stress after a given 
amount of plastic deformation and consequently 
in a more severe test of the toughness. In effect, 
decrease of temperature is analogous to increasing 
the strength level of the steel without altering its 
quality or metallographic structure. 

Increasing the rate of loading also appears to 
raise the yield strength and load or stress after any 
given amount of deformation. However, at high 
loading rates, shock waves come into play and may 
result in local overloadings, difficult to interpret. 


Notched-Bar Impact Tests 


The use of notched-bar impact tests is a simple, 
practical, widely available means of testing the 
toughness of steels under unfavorable loading con- 
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Temperaturé, °F 


temperature of testing. 
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Fig. 4— Charpy Impact Test Specimen With V- 
Notch and Carbide Tipped Tool for Milling Notch 


specimen has a larger breaking area and a mote 
severe notch than the Charpy keyhole specimen 
and, therefore, has a greater drop in energy value 
at a higher transition temperature for steels which 
become brittle. (See Fig. 3.) A method* which 
permits rapid machining and excellent reproduc 
bility of notch contour for the V-notch has been 





*As described in a brief communication It 
A.S.T.M. Bulletin for March 1946, this consists of 4 
simple 45° angle tool bit with cemented carbide inser! 
ground to desired notch dimensions. There is no side 
rake on this tip. It is set in a milling machine arbor 
so it acts as a fly cutter with 12° negative rake, thus 
insuring a high order of wear resistance. Notches 
have been cut in steel heat treated to C-60; surfaces 
of the notch are very smooth, approaching a lapped 
surface. Little cold working and flow of metal !s 
produced. 
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jeveloped by S. E. Siemen at Watertown Arsenal. 
The standard specimen, shown in Fig. 4, has been 
found to be satisfactory for testing a wide variety 


of steels. 


bec 


The Charpy type test machine is used 


quse it is more convenient, particularly for low 


temperature tests. 

A testing temperature of —40° F. is sufficiently 
iow to be below the transition temperature for 
practically all steels which give brittle failures in 
any ordinary service. A test at —40° is also easily 
made by immersing specimens in a bath of dry ice 
and alcohol for a period of 15 min. or longer. The 
specimen can be taken from the bath and broken 


within a few seconds. 


Tough steels show relatively 


Fig. 5 — Comparison of Mechanical Properties 


(Longitudinal Specimens) of a Number of 
Fully Hardened and Tempered Steels (Patton) 
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little decrease in energy to extremely low testing 
temperatures (see Table I). In spite of statements 
to the contrary which have appeared in American 
literature this test properly interpreted is a reliable 
criterion of ballistic shock behavior of armor plate. 
This fact was realized long ago by English metal- 
lurgists — see, for example, Harry Brearley’s remi- 
106 to 109. 


niscences, “Knotted String,” page 


Relation Between Hardness and Strength 


Hardness and tensile strength are measure- 
ments of essentially the same properties. Conver- 
sions between the two have been worked out and 
found to be accurate within the ranges of errors 
encountered in ordinary test methods. 

A great service has been done for practical met- 
allurgists by Janitzky and Bacyertz and by Patton 
who have shown the similarity in tensile properties 
among all alloy steels which have been properly 
heat treated. Figure 5 is a replot of Patton's data, 
given in Metal Progress for May 1943. 

For steels which have been fully hardened dur- 
ing quenching and then tempered there is remark- 
ably small deviation from a constant relationship 
among hardness, tensile strength, and yield strength 
(yield-to-tensile ratio is 90 to 959%). Steels which 
have not been fully hardened during quenching or 
which are in the as-quenched condition have lower 
yield strength to tensile strength ratios. Whether 
this means anything but the absence of an upper 
yield point in the first case and the presence of 
quenching stresses in the latter, and whether the 
yield strength of a tensile bar is important to the 
service properties of a structural part, are all open 
to question. 

If design is based on yield strength and there is 
doubt that the steel has been fully quenched, it 
should be necessary to make only a few tensile tests 
to determine yield-to-tensile ratio (always remem- 
bering that a tensile specimen heat treated as a 
small bar does not represent a part of larger size). 
Thenceforth, there is little need for extensive ten- 
sile testing when hardness tests will supply the 
same information at much less expense. 


Relation Between Strength and Toughness 


The toughness of steel is controlled by (a) the 
amount, form and distribution of nonmetallics; (b) 
the amount, form and distribution of carbides; and 
(c) whether or not the steel has been subjected to 
tempering conditions under which it may be sus- 
ceptible to various forms of embrittlement. 

The cleanliness of steel and the distribution of 
nonmetallic inclusions as influenced by hot and 
cold forging, rolling, or other working operations 
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have a great effect on toughness under all loading 
or testing conditions. Variations in cleanliness 
account for practically all of the scatter in reduc- 
tion of area values shown in Fig. 5 (which are for 
specimens taken longitudinally from forged bars). 
Some steel users who rely on the meaningless secu- 
rity of high ductility values of tensile tests taken 
parallel to the rolling or forging direction would be 
dismayed to find that the values for elongation and 
reduction of area are often cut in half if the tensile 
tests are made transverse to the working direction. 
Similarly, notehed-bar impact values are 
affected by directional properties, as shown in 
Table Il. If it is known that the steel will be used 
so that all major stresses are parallel to the direc- 
tion of working,* as in forged bars of relatively 
small section, it is proper to take longitudinal speci- 
mens. However, impact values on forged bars 
should not be used to represent rolled plate. In 
rolled plate, the best practice is to test toughness 
with transverse specimens which show the worst 
effects of directionality and put the proper pre- 
mium on cleanliness and good cross-rolling. 
Sometimes it happens that a lamination or 
clongated segregation of inclusions will interrupt 
the mechanism of notch constraint in an impact 
test and give a specimen with the split or badly 


stepped fracture (see Fig. 6 and 7). The energy 


has been first fully hardened (quenched «ut com. 
pletely to martensite). This is related to the 
uniformity of carbide distribution in the miero. 
structure and it is possible to obtain toughness 
values in steels originally of pearlitic or bainitic 
microstructure comparable to those of tempered 
martensitic steels only if the carbon content js 
very low or if tempering has been suflicient to 
spheroidize the carbides (that is, at very Joy 
strength levels). , 

A comparison of the Charpy V-notch impact 
values for a 0.25% C medium alloy steel heat 
treated to give a tempered martensitic microstrye- 





Fig. 6 — Split Fractures in Longitudi- 


nal V-Notch Charpy Impact Specimens 


Table II — Influence of Directional Effects on V-Notch 


Charpy Impact Values at 70° F. 


ture (quench and draw 





TENSILE 
STRENGTH 


NATURE 
OF STEEL 


ro PRINCIPAL 


(137,500 psi. 34-35 ft-lb. 


Straightaway 


1 142,000 36-37 

rolled steels* 134.000 13-44 
Cross {132,000 54-49 
rolled steels* ) 155,000 44-47 


110,000 
110,000 


Cast steel, as-cast 
Same steel forgedt 





SPECIMEN TRANSVERSE 


ROLLING DIRECTION 


23-56 ft-lb. 


: and heat treated to give 
SPECIMEN PARALLEL 


ro PRINCIPAL 
ROLLING DIRECTION 


a pearlitic microstructure 
(normalize, air cool) al 
approximately the sam 


67-64 ft-lb. ; 
- strength levels is given 


70-71 : se, 
viel in Table I, which als 
70-76 cap: 
62-61 illustrates the failure ol 
46-45 reduction in area to 


reflect large differences 


02-122 ft- j 
1 122 ft-lb. in toughness. 








*Notch parallel to plate surface. 
+*From 2x3%-in. section to %-in. square bar. 


value then obtained has no significance. This effect 
can be minimized and reproducibility of values can 
be improved by always notching the specimen per- 
pendicular to the original plate surface. 

A fact which has been realized for a long time, 
but perhaps not as widely applied as its importance 
warrants, is that the optimum toughness at a given 
strength level is obtained when a heat treated steel 

*Forged gears and many wrought iron parts are 
purposely fabricated to utilize the best directional 
properties. 
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Carbon content als 

affects the toughness 

value, but for similar microstructures and strength 

levels the effect is not large within the usual carbon 

limits for constructional steels. For example, twe 

medium alloy steels of 0.40% C and 0.25% € could 

not be distinguished by Charpy V-notch impact 

values at —40° F., when tempered to the sam 
strength level. 

For fully hardened and tempered steels of Unt 
form cleanliness and directional properties a con 
sistent inverse relationship between strength level 
and toughness as measured by Izod impact al rool! 
temperature has been established (see Fig. © But 
the toughness of any given steel does not increase 
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Fig. 7— Micro at 600 Diameters Showing Non- 
metallic Inclusion Which Caused a Split Fracture in a 
Longitudinal V-Notch Charpy Specimen (Hurlich) 


linearly as strength decreases on tempering. Prac- 
tically all fully hardened steels show a decrease in 
notched-bar impact toughness during tempering in 
the range of 350 to 750° F., as shown in Fig. 8. 
This is probably associated with the initial stages 
of precipitation of Fe,C from martensite. The 
higher carbon steels show a slight increase in 
toughness at very low tempering temperatures, 
probably associated with relief of lattice distortion. 
In Fig. 8 note the difference between oil quenched 
nd water quenched specimens. ) 

Steels which contain alloys such as chromium, 
wlybdenum, manganese, and vanadium, which 
lorm complex carbides during tempering, show a 
second irregularity in the curve of impact versus 
raw temperature at the same temperatures at 
thich secondary hardening or retardation in 
witening occurs (see Fig. 9). This is probably 
wsociated with the initial stages of precipitation 
|! complex carbides. 

some steels, notably those high in manganese 
t chromium, show another form of embrittlement 
| tempered in the range of 750 to 1100° F., or 
‘lowly cooled through this range after tempering at 
higher temperatures (Fig. 10). This is the phe- 
homenon commonly termed temper brittleness; its 
‘cause has never been adequately explained. 

lt should now be evident that a steel which has 
been tempered under conditions where it is subject 
0 one of the above forms of embrittlement will 
have a teughness value at a given strength level 
below that of another steel which has been brought 

the same strength level without being subject to 
my form of tempering embrittlement. 

lt may be noted in Fig. 5 that impact values 
‘or stecls whose strength is in the range of 200,000 
‘0 40,000 psi. probably all represent steels embrit- 
led during tempering. At higher strength levels 





better toughness resulted for some of the steels. 

By selection of steel composition and temper- 
ing temperature il is possible to obtain good tough- 
ness values at all strength levels for steels not 
subjected to any form of tempering embrittlement 
This is shown in Fig. 11. Combining the data of 
Fig. 5 and 11, Fig. 12 is obtained which, it is pro- 
posed, may be used for complete evaluation of 
mechanical properties of steels (within the strength 
limits covered) in terms of two test values. 


Evaluating the Strength and Toughness of Steel 


For steels initially fully hardened a hardness 
test establishes the tensile and yield strength levels 
quite closely, as shown in Fig. 12. If design is 
based on yield strength, steels initially not fully 
hardened will have yield strengths below the value 
indicated in the chart, and a standard tensile test 
must then establish the true yield strength. 

Toughness is measured by a standard notched- 
bar impact test specimen broken at — 40° FF. The 
toughness may be evaluated as percentage of the 
impact value indicated by the base line of Fig. 12 
at the corresponding strength level, and for speci- 
fication purposes can be expressed cither as this 
percentage or as minimum energy (ft-lb.) at a mini- 
mum tensile strength. Higher toughness, approach- 
ing the upper dotted line in Fig. 12, may be 
obtained by taking specimens parallel to the rolling 
direction of straightaway rolled plate, but these 


Fig. 8— Hardness and Charpy V-Notch Impact on 
V.E.8740. Test pieces heat treated, then tested at 70°F, 
Heat treatment: I hr. at 1600° F., quench in oil or 
water; draw as shown, I hr. at temperature, air cool 
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Fig. 9 (Right) — Irregularity in Impact Versus 300 ry. | TT] ——— 
Tempering Temperature, Probably in Region of | [ | t T T | I +} 
p OnE ; ‘ > in a ie a = 
Secondary Hardening, in Stee Is Containing 2 ia | TW ——_ oF Ares val TH 
Alloys Which Form Complex Carbides. Data TKI | | . | 7 
from “Vanadium Steels and Irons”, by Vana- reuaCcrtraitis TTT 8 
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on Chinese 


Steel Industry 


As A MEMBER of a group of engineers sent to 
Chungking in the spring of 1945 to help the 
Chinese government increase the production of 
necessary articles for both civilians and the army, 
I was able to visit practically all the steel plants 
in “free China” (that portion not then occupied 
by Japanese troops), and THe Eprror thinks that 
some of my recollections will be of rather general 
interest, 

The largest blast furnace is of 100-lon capac- 
ity but averages about 60 tons of pig iron a day. 
There are about 27 blast furnaces of smaller size 
down to 20 tons rating. One of the largest blast 
furnaces I have seen has a rated capacity of 638 
tons per 24 hr. (based on American performance ) 
but has been able to produce not more than 30 
tons when operating. It is fairly well designed, 
being equipped with a skip hoist and four stoves 

-it is notable because most furnaces of all sorts 
are hand charged. An interesting feature was the 
construction of the cold blast mains —- they were 
made from old oil or gasoline barrels! 

There are about five openhearth furnaces, the 
largest being a 15-ton furnace, gas producer fired, 
with water cooled doors and frames; this one is 
the most modern looking and well designed fur- 
nace here, but the auxiliaries are so poor that 
normal production by American standards can 
never be reached. 

There are 12 electric are furnaces, some basic 
and some acid lined; the largest has 3 tons capac- 


Random Notes 





By J. K. Stafford 
Electric Furnace Dept. 
Republic Steel Corp. 


Canton, Ohio 


ity. There are also a few hich fre- 
queney induction furnaces of \orio 
sizes, from 950 to 1000 Ib. Thy 


also about a dozen acid bessen con 
verters all very small, all sid, 
blown. 


There are no blooming mills in 
free China. Even the bar mills start 
with small ingots and either roll them 
into finished product or into small 
billets for further conversion on th 
sume mill. Several mills are two-high. 
the piece being passed over the top 
roll, or dummied between passes 
Each plant tries to roll everything 
instead of rolling that for whieh th 
mill might be best fitted. Practicalh 
every mill IT have visited has been 
Irving to roll light’ rails, and th 
results have not always been com 

pletely satisfactory. Amount rolled per hour sel- 
dom exceeds one ton per mill, and the monthly 
production on some mills does not exceed of tons 

Most of the mills are very much unde 
powered. Many of them are driven by salvaged 
marine engines to which they have added fly 
Wheels (which certainly are required) but th 
Chinese never bother to install governors. Mo 
of the rolling mills are without shears, the finish: 
product being cut to length with chisel and sledg 
The engraving on page 470 shows a skumping 
press operated by man power — quite the usual 
thing. There are very few straightening machines 
of any type. One of the members of our commis 
sion found a roller straightening machine fol 
rounds (made in Germany) set up in a machin 
shop; the Chinese thought it was some kind of « 
machine tool. 


Raw Materials 


One of the most serious handicaps to produc- 
tion from such equipment as was operating We 
that all the raw materials are of very poor qualily 

In Yunnan province, down south, near “the 
hump” there are ore deposits of good physica! and 
chemical quality, but the available iron ore i0 the 
Chungking area is almost all high in phosphorus 
Its physical properties could be ranked “fair” 
“good”. It was the general practice in ore mining 
to throw aside everything under 1-in. size which 
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tited States would be considered excellent 
vn rial) and ship only lumps which can be 
ted in the blast furnaces even with the very 
» wind pressures created by the available blow- 
nemes ordinarily around 1.7 psi.). Since 
ore fines amounted to as much as 25‘, of the 
duct of the mine, its rejection added seriously 
the mining problem. We urged trials of this 
ler size ore, and in one plant where fairly 


d blowing equipment was available successful 


sults were obtained. 
There is only one large coal mine in the 
hungking area, but there are many scattered 


small ones. Much of the coal is high in sulphur, 
nd almost all of it is low in volatile matter and 
ry high in ash (15 to 22°). It is mined entirely 
vy hand, the average size is very fine and the 
Very little of the coal 
ined is washed and then only by crude and 


wisture content up to 4° 


eflicient methods. We endeavored to assist the 
Chinese in planning and installing some simple 
provements for coal washing, and the initial 
ils of this equipment have shown very promis- 
vy results in reducing the ash and making a coal 
tler suited for coking. 

Coke is made from this coal by burning in 
en rectangular pits. The character of the coal 
s such that the type of beehive oven which was 
» successfully used in the United States is not 
suitable. Because of its high ash, high moisture 
dd low B.t.u., much of the coal 
is to be burned in order to pro- 
we some residue of coke; the 
clual vield of coke is about one- 
hird of the coal charged into the 
king pits. 

The refractories available to 
he Chinese iron and steel indus- 
‘ry are generally inferior in qual- 
vy. Some materials are wholly 
king -there is, for example, 

magnesite or chrome. oxide. 
Dolomite of variable quality must 

be relied on for basic linings. The 
lurnace men are afraid to make 
W carbon heats because of the 
famage it will likely do to their 
‘urnace. There is no mica schist 
Vailable and bessemer converters 
must be lined with native sand- 
‘one. Most of the steel plants 
make their own brick, a fact 
Which has perhaps somewhat 
retarded the development which 
might have resulted if there were 
‘separate refractory industry. 





Transportation 


In free China railroads are practically non 
existent. The highway system is a very limited 
one, motor fuel is searee, and truck maintenance 
a difficult matter; what roads there are are so poot 
I think the Army got the ideas for tank traps and 
proving grounds from them. It is a common thing 
to use up half the day in going from the city oul 
to a mill only 10 miles distant. For these reasons 
the raw materials required for iron and steel 
manufacture must be carried on the backs ol 
laborers or transported in river junks and sam 
pans which have no mechanical power, but are 
propelled by oars or towed by men walking along 
the shores of the river, each man equipped with a 
harness attached to the tow rope. It is almost 
impossible to realize that men can be found to 
perform such arduous labor. The river at Chung 
king has a rise and fall of approximately ITL0 ft. 
and during high water, transportation by river ts 
ata standstill. 

Once at the steel plants the transportation 
problem still exists, for departments are widely 
scattered it is said that this is so it is harder to 
bomb a plant out completely. At any rate, one 
plant has part of its operations on one side of the 
big river, and the rest on the other. On one side 
are some inclines; on the other the material fer 
ried over is carried up about 600 shallow steps 


Pouring First Hot Metal Into 10-Ton Openhearth in Free China 


September, 1946, Page 471 





























There are no industrial railroads. Wheel- 
barrows, even, are very scarce. Animals are very 
scarce; the human is the beast of burden. Practi- 
cally all transportation throughout the works is 
done by the workmen carrying the material in two 
baskets suspended from a stick or beam resting on 
their shoulders; the usual load is about 150 Ib. 
(Try and carry that, yourself!) In some plants 
they are paid by piecework, possibly the Chinese 
equivalent of so much per ton-mile. 


Steelmaking 


As indicated above, it is not easy to make 
soft, low phosphorus steel in small openhearths 
lined with inferior refractories, and fired with 
inferior fuel. Heats are usually so small that 
temperature losses during tapping and teeming 
cause a lot of reversion of phosphorus. Alloys 
are very, very scarce, and the costs are astonishing. 
An additional handicap is the lack of low carbon 
ferros. Their ferromanganese runs 40% Mn and 


7 or 8% C; after a second refining in an electric 


furnace the manganese goes up to 60° but the 





This Stamping Press Is Being Used for Blanking Out Shovels. 


carbon comes down only to 5%. Try 
low carbon heat for telephone wire S) 
materials. 

However, it was fun to see the Chi: deux 
dize bessemer steel in the ladle by thr 6 in 
piece of a crashed Jap airplane. 


Laboratory Facilities 


Steel plants were found to be ve poork 
equipped with instruments. There were fey 
pyrometers and gages. Often we found compli- 
cated recorder-pyrometers out of order, and they 
could not be repaired because there were n spec » 
parts, or because no one had enough skill at instru. 
ment making. 

Chemical laboratories are few in number and 
deficient in equipment and chemicals. This 
resulted in a lack of analytical information | 
plant control with an unfavorable effect upon pl 
duction and the quality of product. 

While there were only five or six metal- 
lographie laboratories in free China, this did not 
appear much out of line with the needs. The indi- 
vidual laboratories wer 
equipped with polishing 
wheels and microscopes 
which were fairly adequa 
even though not of the most 
modern type. The operation 
of these laboratories was 
hindered, however, by « seri- 
ous shortage of abrasive su 
plies for polishing specimens 
This seemed to be = svmp- 
tomatic. Even in the best 
the laboratories there always 
seemed to be something 
important missing that p! 
vented them from putting 
What they had to good use 

We surveyed the phys 
ical testing equipment 
universities, vovernme! 
research bureaus, arsenals 
and steel plants, and foune 
these agencies to be trreg 
larly and = inadequate 
equipped. This was parti 
larly true of the stee! plants 
some of which did not hav 


single instrument of any 


kind for physical testing an 


therefore unable | app!) 





The workers on the lower level place the heated sheet between the dies, 


which are brought together by a large screw connected with a hori- 


any kind of quality nti , 
on 


over their product exce | 


zontal wheel, operated by coolie power. (Courtesy U.S. Steel News) rule of thumb to me spect 
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tion requirements. To determine even so sim- 
» a thing as Brinell hardness the best they could 
was to carry a few samples to an arsenal or a 


versils laboratory. 


Safety Last 


Manifestations of cheap human life are per- 
the most difficult thing for an American 
nuineer to get adjusted to in China. Even though 
skilled labor is very searce and hard to find, 
ilety first” is absolutely unknown. Workmen 
ve not provided with safety glasses. There are 
.guards placed on grinding wheels, gears or any 
ther equipment. Men ride the crane loads wher- 
ver there are cranes in the various buildings. 
Women, some carrying babies and children, visit 
the plants. Hot ingots, blooms, and billets are 
vheeled to the table rolls of the mills. None of 
the workmen have gloves, some of them have 
memade mittens, and some use rags. They do 
| know what a safety shoe is— most of them 
vear sandals, a few have something that looks like 
low cut tennis shoe, and some work barefooted. 
Some of the men work on the furnaces with only 
pair of shorts and sandals on their bodies. 


Comparative Prices in Chinese Dollars 

1937 JuNE 1945 

Meel, per metric ton $200 
pper, per metric ton $ 50 
l, per metric ton $8—-$10 


he (ash under 20%), per metric ton = 8& 50,000 


harcoal pig iron, per metric ton $200,000 
lig iron, per metric ton $300,000 
ce, per picul (133 Ib.) $ 8 $16,000 
S. Dollar, market $2.50 8 1,400 
Official s 20 
Missionary $ 40 
Overseas Chinese s 100 
Monthly wages; unskilled labor $ 12 815,000 to 18,000 
Clerk $100 $30,000 
Bank clerk $100 $50,000 


Production Problems 


In addition to the above mentioned handicaps, 
‘Here is also the matter of costs, partially indicated 
nthe table above. We American advisers could 

(do much with the economics, but technical 
‘uggestions made for improvement were eagerly 
veelved and quickly acted upon. The Chinese 
ianagers were usually keen to expanding a single 
‘uggestion into a considerably enlarged field. For 
“tuple, in one plant we called attention to the 
, sh | reentage of high phosphorus heats of open- 

irth steel and suggested ways in which phos- 
be prevented. The 


rus reversions could 


$240,000 to $300,000 
$5,000,000 black market 
$10,000 to 15,000 official 
$30,000 to 40,000 black market 


management then found that, in addition to rever- 
sion of phosphorus from the slag to the steel, 
phosphorus was actually being added, due to the 
fact that the limestone was contaminated with 
calcium phosphate, and proceeded vigorously lo 
correct this state of affairs. 

Mills shut down for an hour in the middle of 
the turn for the men to eat lunch. Most of the 
men fo home, as they live on COTMpPAny property. 
In order to get them to do any work at night, 
workmen must be paid double time and furnished 
with a midnight meal. 

Other reasons which might be advanced tot 
sporadic operations (as low as two turns a week ) 
are inadequacy of budget or operating capital, lack 
of demand, shortage of labor either skilled ot 
unskilled, shortage of raw materials, shortage ol 
power, and excessive time required for repairs. 
While living conditions are terrible, the people 
work incredibly hard, mind their own business, 
and smile easily. The greatest difficulty seems to 
be that the ordinary citizen believes that 
was good enough for grandpa (and his grandpa) 


“what 


is good enough for’ me”. Sometimes it looks to 
me that if there were a harder way to do a thing, 
that is the way the Chinese would do it. 

Even though statistics on capac- 
entirely 


ity and production are 


lacking, it is obvious that overall 
production in free China has been 
far below the total capacity of the 
separate units. This has been due 
to a large number of handicaps, such 
as poor marketing, limited types of 
mills and finishing equipment (and even unnec- 
Lack ot 
raw materials and especially power also tends to 
None of the plants work 


essary duplication of certain types). 


hold down production, 
around the clock, very few of them even work 
every day shift. There is also a lack of diversi- 
fied industries to utilize the available semi-fin- 
ished products and a comparatively low demand 
for iron and steel products by civilians. (Civil- 
ians must get along without; iron and steel costs 
them about 20 times 20 times in the value of an 
hour of labor what it costs an American.) There 
are no plants producing pipe or sheets, which are 
so vital in wartime. 

In all fairness, however, it must be realized 
that China’s wartime iron and steel industry has 
been working in a completely blockaded area and 
struggling with extraordinarily difficult’ economic 
conditions with a limited background of experi- 
ence and with only rudimentary facilities. I hope 
we Americans would have done so well had we 
They 


been in their unfortunate position were 


then entering the ninth vear of war. a) 
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Crack Sensitivity 
of Chromium-Nickel 


Stainless Weld Metal 


‘ 

SVPAINLESS are welding electrodes have found a 
wide variety of applications in other fields besides 
the mere welding of stainless steel parts because 
of the great ductility of the weld metal. An out- 
standing example is its extensive wartime use for 
making joints in armor on warships and combat 
tanks. But ductility or toughness of a welded 
joint presupposes sound metal, and the existence 
of cracks in a weld will nullify the benefits derived 
from the use of these alloys. For this reason, it is 
worth while to consider the sensitivily of various 
stainless alloys to weld metal cracks. 

A great deal of attention has been focused on 
this problem during the past six years. Much of 
the information is inconclusive, but as a result of 
several carefully conducted investigations and 





By R. David Thomu:. |; 
| ice-President an, \ 
Director of Research 
Engineering 


{rcoos Corp., Philad j 


considerable field experic) S 

good hypotheses have lh: deve 4 
oped. This article presen , 
eral summary of experi Wil s 
many grades of high chromi 
nickel alloys. 

Despite all that has be 
learned, weld metal cracking 
occasionally encountered whic! 
has no reasonable = explanati 
There is still more work to be don 
and more data to collect, but in th 
meantime, fabricators of stainless 
equipment) should) be’ inform: 
about the experience which is n 
available. A well-founded reput 
tion should not be jeopardized jy 
ignorance of some of the know 
factors which make stainless weld 
metal susceptible to cracks 

Appearance of Cracking Two types 
weld metal cracks are encountered in stainless 
welding. The more common are longitudi 
bead cracks which often extend from crater cracks 
root notches or entrapped slag. These cracks ar 
distinguished from the less common, but m 


exasperating “check” cracks, which are generally 
very fine and may extend in any direction. Bol! 
types are shown in Fig. 1 to 3. Longitudina 
cracks are readily picked up by visual inspectiot 
of the weld bead; if this type of cracking is sus 
pected, but no cracks show on the weld bead sur- 
face, radiographic inspection is used. Cral 5 
cracks usually reach the surface and are therelor 
detected by careful visual inspection. Check cracks 
are visible on the surface only in extreme cases 





Fig. 1 —- Longitudinal Cracks in Root Passes With 25-20 Electrodes. At left: Titania 
coated electrode deposits a concave bead contour which is more susceptible to cracks. 


{t right: Lime coated electrode deposits a flat bead which is more resistant to cracks 
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Even the use of 
\-ravs or gamma rays 
of il to reveal the 
ren ly fine cracks. To 
chow evidence of these 
cracks requires a 
rxt Which stretches a 
wibstantial amount. of 
the weld beyond the yield 
trength. Thus, the all- 
id-metal tension speci- 


n which is the usual a 
Fig. 2 
test for quality control 

f stainless electrodes is 
leally suited for demonstrating the existence of 


fine cracks (see Fig. 4, page 476). 
Factors Affecting Cracks 
Stresses—- Cracks in weld metal result from 
stresses. caused by shrinkage, restraint, and 
notches in exactly the same manner as cracks 
which occur in ingots or other castings. The 
coeflicient of contraction and the ease of plastic 
deformation are fundamental properties of the 
illoy which determine the amount of stress on the 
weld metal. The joint design, the pass sequence, 
the freedom from notches and the rigidity of the 
weldment are mechanical factors affecting weld 
metal cracking. These mechanical factors are 
within the control of the designer, the engineer, 
ind the welding operator. The other factors 
require the attention of the metallurgist. 
Microstructure 
chromium-nickel alloys are generally termed 


Stainless electrodes of the 


“austenitic”, meaning that the austenite solid solu- 
lion is predominant in the microstructure. In 
iny study of cracking it is worth while to distin- 
suish between weld metals whose structure is 
completely austenitic and those which have some 


lerrite present in an austenitic matrix. The 25-20 





Fig. 3- 


{t left: Its surface appearance. 





Typical Crater Crack in a 25-20 Deposit 


{n Extreme Case of Check Cracking Encountered in a 13 Cr, 60 Ni Alloy. 
ft right: 


Cr-Ni electrodes deposil 
a fully austenitic weld 
metal structure, and the 
19-0 ¢ Ni electrodes 
deposit a partially fer 
ritic structure. Strangely 
enough, among the com 
mon stainless alloy ele 
trodes, cracking is 
always more prevalent 
in the fully austenite 
weld metals than in the 
partially ferritie weld 
metals, despite the com 
monly accepted idea that austenitic solid solutions 
are very ductile. The reason for this will become 
apparent froma study of the microstructur 
below ) 

Recognizing this fact, the metallurgist: ine 
diately becomes oware ol the elTect of the various 
alloying elements on the microstructure Phis 
information can be found in the literature tor all 
of the common elements. The following formula 
proposed by F. K. Bloom of Rustless -ron and 
Steel Division has been found very helpful) for 
determining the microstructure of weld metals 

a 
Ni (4tsmo—t6 Mn B0.O.10 ( 1] 


|? ) 


If the percentage of nickel in an alloy” unde 
appraisal is less than the value indicated by the 
formula, the structure will probably be partially 
ferritic; if more, the structure will probably be 
entirely austenitic. The greater the deficiency ot 
nickel the more ferrite will be found in the weld 
metal. 

The appearance of the two microstructures is 
shown in Fig. 5 and 6. The ferrite constituent in 
Fig. 6 is harder and stronger than the austenite 
matrix, and its presence in a finely dispersed 
dendritic pattern is a deterrent either to the 





\-ray photograph of the same specimen 
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formation of cracks or to the growth of the cracks 
once formed. There is evidence that the presence 
of ferrite during solidification is an additional 
deterrent to crack formation. Consequently it has 
long been recognized that partially ferritic weld 
metals are less crack sensitive than fully austenitic 
weld metals. 

The formula given above indicates the relative 
importance of the various elements in their tend- 
ency to form ferrite. Additions of manganese and 
carbon, like additions of nickel, decrease the fer- 
rite formation, manganese having only 
half the potency of nickel and carbon 
30 times the potency of nickel. Chro- 
mium and molybdenum increase the 
tendency for ferrite formation, molyb- 
denum being twice as effective as chro- 
mium. This relationship assisted the 
development of the 19-9 analysis, modi- 
fied with manganese, used so success- 
fully for armor electrodes, and indicated 
the value of using small amounts of 
molybdenum to adjust the structure to 
he less sensitive to weld metal cracks. 

The presence of ferrite in the weld 
metal structure of an armor electrode 
is demonstrated by applying the equa- 
tion to a weld metal containing 0.12% C, 
$.0° Mn, 19.00 Cr, 9.0% Ni and 0.75% 

Mo: 
(19.0 + 2 X 0.75 — 16) 4.0 

™ 12 a 3 

+ 30 (0.10—0.12) +11 
1.7—2.0—0.6+ 11 
10.1 


If the actual nickel were higher 
than the 10.19 computed by the for- 
mula, the structure would probably con- 


on Parr) > we 
tain no ferrite. Fig. ri 
Molybdenum appears to overcome 


tendencies toward cracking, not only by left: 
forming ferrite in the weld metal, but 
also by strengthening the austenite. The 
acceptance of the 19-9 analysis, modi- 
fied with molybdenum, for armor elec- 
trodes is attributed to its great resistance to 
cracking during fabrication. The weld metal struc- 
ture has a relatively high percentage of ferrite in a 
strong austenite matrix. Even without ferrite, 
however, the completely austenitic chromium- 
nickel weld metals are less susceptible to cracks 
when they contain some molybdenum than similar 
alloys with none of this element. This is illustrated 
by the relative position of 18-13 Mo (Type 316) 
weld metal in Table I, for it is the least sensitive of 
the fully austenitic alloys. 

Columbium, like molybdenum, tends to form 


Middle: 


ferrite, but unlike molybdenum, it makes 

tenite crystal more susceptible to cracks 
common 19-9 alloy, stabilized against int 

lar corrosion with columbium, best ducti 
corrosion resistance require a balance bet 
ferrite-forming tendency of columbium an 

tions of nickel. The net effect is an alloy wit! 

the same amount of ferrite, but becaus: 
influence of the columbium on the austenite erys- 
tal, the crack sensitivity is more pron inced 
Likewise, additions of columbium to fully aus. 


Standard 0.505-In. Tension Test Piece, All-Weld-Metal, 
Showing Surface Check Cracks on the Crack Sensitive Alloy. Al 
19-9, partially ferritic weld metal, highly resistant to cracks. 
25-20 fully austenitic weld metal free from cracks. Right 
A lot of 25-20 weld metal having poor ductility as a result of cracks 


tenitic alloys, such as 25-20, make them mor 
susceptible to cracks. This influence extends lo 
alloys which combine both columbium and molyb- 
denum in a fully austenitic weld metal; the resul!! 
is an extreme sensitivity to weld metal cracks. 
If the composition is adjusted to permit! the 
formation of a small amount of ferrite, the crack- 
ing tendency is greatly reduced. 

In addition to its effect in making the 
ture fully austenitic, nickel appears to incre 
crack susceptibility of chromium-nickel allo) 
general, the greater the excess of nickel 0% 
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Microstructure of Fully Austenitic Weld 
Metal (25-20). More Susceptible to Weld Cracks. 
Both Fig. 5 and 6 have been given an electrolytic etch 


in 10° oxalic acid. 500 diameters magnification 


mount indicated by the formula given above, the 
more crack sensitive the alloy becomes. 

Experience collected in the field of stainless 
welding has led to a recognition of the relative 
crack susceptibility of the more common stainlgss 
The relative position shown in Table 
lis based on this general experience rather than 
nany one type of cracking test. 

Residual elements are considered to 
those present in amounts less than 0.20% 
phosphorus, 





though these are inseparable to the production 
[ stainless as well as the common steels. 
ements commonly thought of as “residual” are 
iitrogen, lead, zine, tin, titanium, vanadium, zir- 


illuence of all these elements is not completely 


nsiderable research. 
The influence of the more common elements, 
sulphur, and phosphorus, has received 
vttention in recent years. Carbon was imme- 
suspected of causing cracks because car- 
‘de precipitation was observed in the vicinity of 
sures in the weld metal. On the other hand, 
“ork on 25-20 had demonstrated that when 
was low the susceptibility to cracking 
for this reason the Navy specification 








for 25-20 weld metal places O.00 us a lowe 
limit for carbon. Sulphur has been found to have 
little influence until the amounts are away above 
common specification limits. The tolerance for 
phosphorus is extremely limited in fully austenitic 
weld metals, and depends somewhat on the othe 
alloving elements; even below the usual specilica- 
tion of 0.030 max., phosphorus may influence 
crack susceptibility depending on the balance of 
other elements. 

The net result of most of the recent research 
on the uncommon residual elements is to show 
that their effect is insignificant within the tole! 
ances commonly encountered in = stainless weld 
metal. However, part of the inconsistencies 
between laboratory tests and practical experience 
may be due to combinations of residual elements 
which occur in practice even though, taken indi 
vidually, all elements are within harmless limits, 
The uncommon residual elements may easily be 
responsible in some of the rare cases of cracking 
which appear to have no other reasonable expla 
nation. 

Electrode Coating The influence of the flux 
covering is so varied that it is necessary to sub 
divide it into separate components, and to com 
ment briefly on each, 

It is difficult to say to what extent bead cracks 
can be explained by faulty are action of the clec 


. nf > - \ 
? | _», 
Cie , ‘ . ° 
6a 
. . 
Fig. 6 Vicrostructure of 19-9 Weld Metal. 


Showing Ferrite in Austenite, a Structure More Re- 
sistant to Cracks Than Single Phase Austenite 
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trode, but it is reasonable to suppose that an are all influenced by the type of electr: coatis 
electrode which pinches out readily or which shows As well as the above-mentioned ce} iracte; 


, 


abnormal are blow and “fingernailing” might con- tics, the metallurgy of the weld mets! may 
tribute to cracks in the weld metal.* Similarly an altered by the type of electrode coating. Coat, 
electrode which deposits too much slag, or depos- containing titanium oxide tend to mak: , 
its a slag which has a tendency to be entrapped, metal more crack susceptible than th 
containing no titania. A number: 


Table I— Common Stainless Weld Metals Arranged in nations for this tendency have be: 


Order of Increasing Crack Susceptibility bul since there is no general a 





any statement might well wait. 
Type No. oo Cansenes The influence of the eleetrod 
NAME _ is mainly one of degree — that is 
301 16-7 Least susceptible; has relatively high conditions favor cracking, the type of « 
| ferrite content. ing may increase or decrease the amount 
308 19-9 Has medium ferrite content. of cracking. For example, an alloy whic 
347 19-9Cb | The increase in ferrite by Cb is usually is notably crack sensitive when deposit 
balanced by Ni additions. Cb increases by a titania type of electrode may be: 
the crack susceptibility. freer from cracks by eliminating |) 
18-13Mo)} Sufficient nickel is added to counter- titania from the coating. On the oth 
balance the ferrite-forming tendency of ‘ 
Mo. This is the least crack sensitive of 
the fully austenitic alloys. 
25-12 Cr is usually about 23% and Ni 14% 
giving a fully austenitic structure. to attack the 
25-12Cb | Cb tends to make the structure partially cracking before considering the comp 
ferritic, which counterbalances crack- nature of the electrode coatings and |! 
ing tendency otherwise caused by it. effect on the problem. 


hand a change in coating may introd 
electrical variables which may not imp 
the situation. Usually, it is better prac! 
other factors which es 


25-20 Fully austenitic alloy, and _ therefore Dilution — The use of stainless ; 
ore sensitive thé se ¢ re. A 
| more sensitive than those above trodes to weld many different types 
25-20Cb | Cb ec: ir rrite i is : ‘ . : 
cm Gann Seems Sonthe ha Give illoy, nd metals, often unrelated to the analysis 
therefore makes the alloy more sensitive ‘ 


than the straight 25-20. the weld metal, raises the problem of ¢ 


tion and its effect on crack sensitivity 


15-35 Fully austenitic alloys having more Ni ; calito ic 
welding dissimilar metals, the alloy « 


'than Cr are more sensitive to cracks 
than those with more Cr than Ni. tent of the base metal alters the compos 
tion of the weld metal, and sometimes |! 


crack sensilivity of the resulting mixt: 











would certainly increase the .endeney toward is greater than that of the undiluted weld met 
weld bead cracks. This factor must be kept in mind in all welding 
Root bead cracking is more commonly operations involving dissimilar alloys. 
encountered in metal from electrodes which 
deposit a concave bead contour, because of the Control of Cracking 
thin section which must take all of the shrinkage 
stress (see Fig. 1 at left). Conversely, root beads Welds which are certain to be free fi 
which give a convex surface have greater resist- cracks require the attention of the welder, th 
ance to cracks because of their greater cross sec- welding engineer, the metallurgist, the design 
tion. If the contour is exaggerated, however, and the electrode manufacturer. The degree 
the cleaning of slag along the line of fusion attention that is necessary depends on the su» 
between weld and plate becomes difficult, and ceptibility of the alloy and the design conditie! 
residual slag pockets which are not completely which may produce cracks. For instanee, !! 
removed may start cracks in subsequent beads. fully austenitic weld metal is to be used on 3 
The weld penetration may affect cracking particu- involving heavy sections imposing high stress 
larly if the molten metal is diluted with mild steel the weld metal during welding, the welder = 
or low alloy steel being welded. These matters be careful to make clean deposits with root be 
; oT _ a of adequate thickness and carefully filled cral 
rhe term “fingernailing” is used to describe the : 
failure of the coating to melt uniformly on all sides; 
one side of the coating extends well beyond the melt- 
ing core wire preventing the proper manipulation of metallurgist must specify control tests on 
the electrode. welds to assure satisfactory materials; and 


‘ 


s 


the welding engineer must design the Joints 
tI 


provide minimum stress during welding: 
i} 
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ectrode manufacturer must supply electrodes shrinkage is determined by the amount of metal 











which will meet the required conditions. deposited and its coefficient of contraction, 

Many types of alloys are not sensitive to Stainless weld metal has a microstructure 
cracking and many welding applications do not essentially of austenite, but certain analyses con- 
mpose high stresses on the weld metal during tain small quantities of ferrite. The presence ol 
eoling. For these conditions rigid control pro- ferrite is a deterrent to the formation of cracks; 
cedures Will become cumbersome and unnecessary. that is to say, partially ferritic weld metals are 
Necessary control procedures must be determined less crack susceptible than the fully austenitic 
by experience, but lacking this, it is generally more compositions. 
economical to set up a rather precise control and Certain residual elements greatly increase the 
woid defects rather than analyze the defect after susceptibility to weld metal cracks, but the amount 
tis found. of residual elements commonly found in stainless 






welds has little effect. 
Summary When all other things are equal, the titania 
type coatings are more likely to produce cracks in 












The reputation of stainless electrodes to weld susceptible alloys than the lime type coating. 
, wide variety of materials and to give high quality Cracks in stainless weld metal may arise 
weld metal for corrosion and heat resisting service from changes in composition of the weld metal 
must be protected by an understanding of the as a result of dilution by a dissimilar base metal. 
lactors Which may cause cracks in the various In setting up control procedures to assure the 
Ivpes. absence of cracks in stainless welding, engineers, 

Weld metal cracks occur at elevated tempera- metallurgists, and designers should recognize the 
tures and are caused by shrinkage stresses devel- factors which cause cracking and make provisions 
ped on solidification and cooling. The amount of to control them within safe limits, i) 










Foaming of Bearing Metal During Casting 









By E. A. Wolfenden 
Inspector, Norfolk & Western Ry. Co., Roanoke, Va. 










































WE RECEIVED recently a shipment of white Analyses of Bearing Metal and Froth 

metal alloy to be used for the lining of bear- . 
ings. Since this material is purchased to chemical PLEMENT nied Sancsereienes | Wane 
‘specification alone, representative samples are 
secured from pigs selected at random from the Tin 3.50 3to 5% 5.0% 
order. For this lot the analytical results were Lead 86.06 S4 to 89 S04 
unusually uniform and conformed to the specifi- Antimon) 10.32 Stoll 9.44 
cation, as will be noted in the table. Fractured —- rapes vs “— 

Iron 0.20 0.33 

pigs showed a finc grain, clean metal with no seg- Arsenic trace 0.2 max. trace 
regation, oxidation or inclusions. Zine none 1.0 max. none 

Metal from this shipment was added to an Alkaline earths none none 
tleetrically heated pot containing approximately Aluminum — none 
4000 Ib. of the same type of alloy until the esti- 
mated concentration of new metal to the old was Average analysis of the froth which appeared 
I At this point the metal showed a tendency on the pot as a wet dross and on the bearing lining 
‘ froth while being poured into the bearing backs. as a very spongy, gray metal is also shown in the 
rhis frothing condition became progressively table. Analysis of the froth was made on skim- 
Worse with increase in concentration of the new mings from a 3500-Ib. melt, made in a clean pot, 
metal until it became impossible to cast a sound of all new metal. Approximately 50 Ib. of froth 
lining in the bearing. was skimmed from the pot immediately after the 
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metal had melted. Stirring of the remaining 
metal, however, produced more frothy dross. 

Attempts were made to eliminate the frothing 
by treating the metal in the pot. Sulphur, ammo- 
nium chloride, rosin, old leather and green pine 
poles were used separately and in various combi- 
nations. None of these treatments appreciably 
diminished the trouble. Dilution of the metal by 
the addition of tin up to 9% total content and of 
antimony to 14° was tried with no improvement. 

It was found that by increasing the tempera- 
ture from the normal pouring temperature of 
625° F. to slightly above 900° F. the metal could 
be poured without frothing; however, it was prac- 
tically impossible to retain the lining metal in the 
backs at this temperature. 

The literature at my disposal is limited; ref- 
erences pertaining to the white metal bearing 
alloys and their idiosyncrasies are even rarer. 
However, a note was found which indicated that 
the cause of the frothing may be due to the copper 
in the metal. Analysis showed copper concen- 
trated in the froth, but we had no way of reduc- 
ing the amount of copper in the original metal; 
likewise the latter’s copper content was within 
specification limits, and similar trouble had not 
arisen with similar metal. So the problem of 
eliminating the frothing condition still remained. 
Accordingly a letter describing the trouble and 
containing a plea for help was sent to several 
metallurgists in bearing metal industries. Before 
the replies could be received and analyzed, and a 
satisfactory routine established, we had _ used 
most of the offending metal in the form of minor 
dilutions to satisfactory metal, never using more 
than 10% of it in any melt. However, it may be 
worth while to record the complete story for the 
enlightenment of others who may run into. this 
trouble. 


Summary of Expert Advice 


While the replies received from the experts 
did not entirely agree as to the cause of the froth- 
ing or as to the methods for correction, the con- 
sensus can be summarized as follows: 

The presence of copper, iron, or both, in a 
high lead alloy in amounts exceeding 0.5% may 
cause frothing due to the formation of high melt- 
ing alloys of copper and tin (or iron and tin) 
which have a lower density than the high lead 
alloy and therefore appear at the surface as a 
dross or froth. In a high tin alloy these compounds 
are heavier or as heavy as the melt and therefore 
sink —or at least do not rise to the surface. 
Furthermore, either high lead or high tin alloys 
containing sizable amounts of copper or iron or 


both must be poured at a temperature | 
900° F. to prevent segregation. 


ling 


It was also pointed out that arsenic ip «cee 
of 0.10% will cause foaming and blowhv jes jp 
this type of alloy. No flux is known thai wil) 
remove this impurity; the only way it can be 
reduced is by dilution with good metal. Reterenee 
to the analysis of this metal will indicate, how- 
ever, that its arsenic content was too low for jt | 
do harm. Copper was near the specification limit, 
however, and it might possibly be the culprit. 

To remove the copper and iron from the lin 
ing metal, either new alloy pigs or contaminated 
scrap, it was recommended that the metal in th: 
pot should be allowed to stand overnight at 540 
to 550° F. In the morning, without disturbing the 
metal unduly, skim off the dross which has accu- 
mulated on the surface. While the metal is still at 
low temperature treat with flowers of sulphur, 
using approximately 1 lb. of sulphur for each 2 tb 
of copper in the metal. (It may be necessary to 
make several additions of sulphur depending on 
the amount of copper present.) 

The sulphur is preferably added by means o! 
a stirring device which creates a vortex that pulls 
down into the metal the powdered sulphur thrown 
into it. If such a stirring device is not available 
the sulphur can be introduced into the metai by 
lightly tamping it into a perforated cylinder open 
at the bottom end, and with a long rod welded 
to the closed upper end to act as a handle fo 
stirring. 

Stirring should continue for approximately |» 
min., after which the dross should be skimmed 
off with a perforated ladle. 

After the sulphur treatment, the metal should 
be heated to a temperature of 850 to 900° F., again 
skimmed to remove any dross and immediately 
treated by placing on the surface of the meta! 
approximately %4 lb. of ammonium chloride ‘sa! 
ammoniac) for each 1000 Ib. of metal. After the 
ammonium chloride has been added the heal 
should be cut off, the metal stirred for from 10 l 
15 min. and all dross removed as before. 

If, after the metal has cooled to its prope! 
pouring temperature (625° F.), it still has a tend- 
ency to foam it will be necessary to cool it down 
to 500 to 550° F. and repeat the entire process “> 
outlined above. 

The procedure as outlined above was tried 0! 
a small pot of the foamy metal with satistactlor) 


results. The reason why this particular | t ol 
bearing metal, conforming to satisfactory specili- 
cation, gave us trouble remains, however, met- 
allurgical mystery, since past shipments having 
analyses containing higher copper and iron had 
been used without trouble. “ 
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Correspondence 


Antiquity of Lost-Wax Process 


ENILoM, USoNIA 
Tu the Readers of Metau PrRoGREss: 

It seems to me that it’s high time somebody 
set the record straight. About every hour on the 
hour somebody remarks that the “lost-wax” or 
investment method of casting is really quite new, 
having been invented by Prof. B. Cellini only 400 
vears ago. The latest one to offer this excuse for 
the low state of development of the method is Mr. 
Vennerholm in the July issue, page 80. 

However, there is incontestable evidence to 
indicate that the lost-wax method is really an old 
one. Passing lightly over the several references 
which indicate that this technique was known in 
Periclean Athens (see, for example, “Life of 
Greece” by Will Durant) I wish to call your atten- 
tion to the following remarks from “Hercules, My 
Shipmate”, by Robert Graves, pages 206, 209. 
Orpheus is telling the story of Daedalus’s life in 
Crete to Jason’s men on the Argo during the search 
lor the golden fleece: 

“Daedalus was remarkable for his ingenuity. 
Many astonishing inventions are credited to him, 
including the art of casting statues in solid bronze 
by the lost-wax method. It is even claimed that 
he made artificial wings which he could flap like 


i bird’s, and so sustain himself in the air... 
“Let no one believe the foolish fable that 
learus wore wings which Daedalus had attached 


lo his shoulders with wax, and flew too near the 
sun so that the wax melted and he was drowned. 
rhe wings symbolize the swiftness of their ship; 
ind the melting of the wax refers only to the 
Msenious method of casting bronze, which he 


invented.” 


Despite the obvious suggestion that Daedalus 
had some connection with the aircraft industry, 
there is no record of his having made _ turbo- 


Supercharger buckets. METALLURGICU 
METALLURGICUS 


$250,000 for Traveling Fellowships 


LONDON, ENGLAND 
To the Readers of Mera. Procnress: 

It is clearly recognized in Britain, in Govern- 
mental and industrial circles, that the intelligent 
application of scientific research to industrial tech- 
nique is one of the most potent means of accelerat- 
ing industrial recovery. Those who have come to 
grips with this problem, however, early find that 
there is not only a dearth of qualified scientists 
giving attention to the basic industries, such as 
coal, chemicals, metallurgy, but the executives in 
those industries are rarely able to make an 
informed decision on advanced technical and sci- 
entific projects put before them. There is in fact 
a danger that these two essential partners in 
industry, the executive and the scientist, may 
never be able to find common ground, no matter 
how hard they may try. 

In order to break this vicious circle and also 
to integrate the scientist into the structure of 
industry The Mond Nickel Co., Ltd., is making 
available $250,000 for the provision of fellowships. 
Although the avowed object of the scheme is to 
attract technically qualified men into the metal- 
lurgical industry, the awards are not in any way 
to be restricted to metallurgists. A man who has 
graduated in physics, chemistry, engineering, or 
any other branch of science will be cligible, it 
his knowledge and ability are of a kind which 
can be usefully employed in the manifold ramifi- 
cations of metallurgical industry. 

Another interesting feature is that the fellow- 
ships are not intended, even primarily, to enable 
graduates of promise to continue research work, 
which is usually the purpose of more orthodox 
endowments. Increasing the quantity and quality 
of research does not, in itself, satisfy the require- 
ments of industry. The company has, therefore, 
in providing the fellowships, made an effort to 
coordinate the benefits of research with the prac- 
tical requirements of industry. This is to be 
achieved by giving the young scientist, who has 
completed his technical training, the opportunity 
of widening his outlook and experience for a year 
or so, before he takes up work with industry. 

This period may be spent in Britain’ or 
abroad, and will be devoted to the study of 
industrial conditions and problems, with special 
reference to the application of research. The 
company wishes an applicant for a fellowship 
himself to suggest the actual subjects he should 
study. The intention is that, at the end of the 
year, when he starts work in industry, the man 
will have acquired, side by side with his technical 
qualifications, a general preview of the methods 
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é oes Evaluation Board of the Joint Chiefs of 
Staff (Messrs. Compton, Dewey and Farrell, 
Generals Stilwell and Brereton, Admirals Hoover 
and Ofstie) has reported to President Truman; 
from it the following is extracted: 


‘*It is now possible to make some estimate of 
the radiological injuries which crews would have 
suffered had they been aboard Test A target ves- 
sels. Measurements of radiation intensity and a 
study of animals exposed in ships show that the 
initial flash of principal lethal radiations, which 
are gamma rays and neutrons, would have killed 
almost all personnel normally stationed aboard the 
ships centered around the air burst and many oth- 
ers at greater distances ... It is clear that vessels 
within a mile of an atomic bomb air burst would 
eventually become inoperative due to casualties. 

“The second explosion was of predicted vio 
lence and is estimated to have been at least as 
destructive as 20,000 tons of TNT... The diam- 
eter of the column of water {thrown up by the 
explosion] was about 2200 ft.; it rose to a height 
of about 5500 ft., and contained roughly 10,000,000 
tons of water. Waves outside the water column 
were 50 to 100 ft. in height 

“The explosion produced intense radioactivity 
in the waters of the lagoon estimated to have been 
equivalent to many hundred tons of radium 

‘*In the case of the underwater explosion, the 
air-burst wave was far less intense and there was 
no heat wave of signifieance. Morecver, because 
of the absorption of neutrons and gamma rays by 
water, the lethal quality of the first flash of radia- 
tion was not of high order. But the second bomb 
threw large masses of highly radioactive water 
onto the decks and into the hulls of vessels. These 
contaminated ships became radioactive stoves and 
would have burned all living things aboard them 
with invisible and painless but deadly radiation. 

“It is too soon to attempt an analysis of all 
of the implications of the Bikini tests. But it ts 
not too soon to point to the necessity for immediate 
and intensive research into several unique prob 
lems posed by the atomie bomb. The poisoning of 
large volumes of water presents such a problem. 
Study must be given to procedures for protecting 
not only ships’ crews but also the populations of 
cities against such radiological effects as were 
demonstrated in Bikini Lagoon.”’ 

The President’s Civilian Evaluation Commis- 
sion (Senator Hatch, chairman; Senator Salton- 
stall; Representatives Holifield and Andrews; Dr. 





Preliminary Report on Second Bikini Test 


Edward U. Condon, Dr. Karl T. Compton, I: 
Dewey, William S. Newell, and Fred Searls 1S 
also rendered a preliminary report. Sign 
conelusions follow ° 

“We believe that interesting distinetions 


between the general results of the two exp! © 
can even now be drawn without the risk of s Is 
error. Both explosions sank several ships Ih 


ships remaining atloat within the damag 
appear to have been more seriously damaged |) 
aerial explosion than by the submarine explosio. 
The damave to ships in the first test might 
been far greater if the bomb had exploded dit 
over the target ship, the Nevada. 

‘*In the first test much of the personnel withir 
the ships would have received fatal doses of neu 
trons and gamma rays from the first deadly 
On the other hand, the deadly effeets of pe, 
radioactivity would have been much more s 
in the seeond test. Ilad the target array bee 
manned, it seems clear that casualties and 
physical and psychological injury to personn 
would have been very great. Rescue and attention 
to casualties would be difficult and danger: 
Within 2000 yards of the explosion, ships we 
probably have been inoperative and a_ laps 
weeks might well ensue before relatively undan 
aged ships could again be used in combat 


‘“The second bomb eaused a deluge ol iter 
loaded with deadly radioactive elements over 
area that embraced 90°) of the target array \ 


but a few of the target ships were drenched 
radioactive sea water, and all within the zone ot 
evident damage are s/i/l unsafe to board. It is 
estimated that the radioactivity dispersed ! 
water was equivalent to that from many him 
dred tons of radium. Such results might be as 
disastrous to the tleet as the results of the first test 
although in part for different reasons. An enem) 
possessed of two or more bombs might well so dis 
pose them as te create simultaneously the deadly 
features of both tests. Such taetics might dispos 
of a fleet for many months; for example, consid 
a Pearl Harbor attack on these lines. 

‘*As was demonstrated by the terrible havo 
wrought at Iliroshima and Nagasaki, the Bikim 
tests strongly indicate that future wars employing 
atomic bombs may well destroy nations and chany 
present standards of civilization. To us who ha 
witnessed the devastating effeets of these tests, 
is evident that if there is to be any security ©! 
safety in the world, war must be eliminated as 4 
means of settling differences among nations.”’ 








and problems of industry, and that he will thus 
see, in the proper perspective, his own place in 
industry and the lines along which his work can 
contribute most effectively to its development. 
There is a secondary object: It is hoped that 


a number of such scientifically trained men will 
find their way into executive positions. This 1s 
a most promising method of breaking the vicious 
circle, for it is only by the appointment of techn- 
cal men, with the necessary broad outlook and 
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} \RLY in July, Mr. Baruch, United States 
4 member, presented a definite plan for the 

ishment of an International Atomie Author 
* Since then some revealing statements have 
en made; quotations are from official commu- 
es or from published texts of addresses. 


sta 


A\t a meeting July 25 of Committee 2 of the 
(nited Nations Atomic Energy Commission, Mr. 
GromykKO, Russian member, “The United 
States proposals in their present form cannot be 

cepted in any way by the Soviet Union either 
sa Whole or in separate parts.’’ Ilis alternative 
san agreement among the United Nations to 
prohibit the production and use of atomic weapons. 
When asked at a subsequent meeting how a nation 
id be assured it would not be destroved by a 
attack unless inspection guaranteed 
manufacture, ‘*No inspection as 
sich can guarantee peace and security, This idea 

nspection is greatly exaggerated in importance. 
lt is a too-superficial understanding of the problem 
The only real underlying method of 
the the 
ted Nations.’’ 


said: 


surprise 


he said: 


iiyist 


control, 


trol is by Unanimous cooperation of 





Views on Atomic Control 


In an address given by former President 
bE GAULLE of France on July 28 he said: 

‘*The time is short to build the peace and to 
create the organization that should make it strong. 

‘*Everyone is gaging the hidden threat that, 
because of this, weighs on civilization. Everyone 
understands that nothing is more imperativel) 
necessary for all peoples than to organize In com 
mon the research, production and control of atomic 
energy in such ways that it will serve for economic 
and social development and that it can never be 
employed for war. 

**We must 
posals made by 
everything concerning the matter in an interna 


say on this subject that the 


the United States to monopolize 


pro 


tional compulsory organization seems right and 
“rood to us. At any rate, it must he added that 
there is open a duty toward humanity that infi 
nitely surpasses the interests and claims of all 


regimes and all nations. If the task is not fulfilled, 
a cloud of danger will weigh on all who live, but 
if it is we shall doubtless finally see born the inter 
national that is the only 
road to peace and safety for humanity.”’ 


cooperation conceivable 








wrience, lo responsible executive positions, thal 
«full benefit. of by 
lustry. 

lhe Mond Nickel Co. has invited the coopera- 
1 of the leading British metallurgical institutes 
Lhas proposed that the detailed implementation 
their proposal should be worked out by joint 


science can be derived 


ion. The fundamental problem of the shortage 
metallurgists is one that urgently requires the 
st rapid solution possible, and the company 
is therefore proposed that the whole of the 
“20,000, and accrued interest, should be expended 
iring the next 10 to 15 years. On this basis il 
vestimated that at least five fellowships of sub- 
‘antial value would be available each year. 
WILLIAM GRIFFITHS 
Managing Director 
Mond Nickel Co., Ltd. 


Platinum Refining and Melting 


GLASGOW, SCOTLAND 

‘he Readers of METAL ProGress: 

Handling of platinum scrap shows little prog- 
‘ss with time. The volume of the material is so 
‘wall and its intrinsic value is so high that there 
little opportunity or urge to conduct independ- 

*Outlined in Metal Progress for May, page 992, 
(for July, page 83. 





- 


trouble is 
the 


they cannot make 


ent investigations. Likewise a major 


the 
platinum refiners themselves 


extreme secrecy maintained by most of 
good contact with those engaged in refining the 
other rare metals. 

A case in point is the failure to adapt the 
the 


The method consisted of placing 


induction furnace = to melting of unalloyed 
scrap platinum. 
a very small piece of platinum serap in the bottom 
of the crucible, the had 
sufficient to melt this, to make further additions. 


With the conventional blowpipe arrangement, on 


and once current been 


the other hand, a much larger amount of platinum 
could be melted at a time without diflicully, once 
the had 
The for accurately 
will be appreciated when it is mentioned that one 


conditions been properly standardized. 


need maintained conditions 
firm paid $2500 to a so-called expert for details 
of how to operate such a furnace consuming coal 
gas, Whereas the complete outfit of blowpipe 


or “torch”, a carved piece of lime and the molds 


only cost S10 to S15. A fresh lime block has 
usually to be carved out for each succeeding 


operation, but the wide difference from induction 
The 
procedure, however, requires skilled attendance; 


furnaces in total outlay will be apparent. 


for various reasons the metal may “spit” seriously 
on cooling, a phenomenon similar to the sprouting 


of silver by entrapped gases, 
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Much of the scrap platinum is alloyed jewelry, 
dental alloys or electrical contacts. This is usually 
melted with silver and arsenical lead, some poor 
copper-lead matte and a covering slag. The silver, 
gold, platinum and palladium go into the lead 
button, the intermediate speiss-matte contains the 
iridium, rhodium, ruthenium and osmium. The 
lead is oxidized by cupellation and the silver 
(containing about 1% Pt) is cast into plates and 
electrolyzed. The slimes contain the platinum, but 
even so they may analyze no more than 4% plati- 
num, most of the rest being gold. Gold and plati- 
num are put into solution by hot aqua regia plus 
hydrochloric acid and the gold then precipitated 
by FeCl, and the platinum last by NH,Cl. The 
platinum precipitate is converted to a sponge 
(about 990 fine) by gentle heating in a closed cru- 
cible. All residues are recirculated for retreatment. 
This sponge platinum is broken up by rubbing, 
sifted, dampened with water, and strongly com- 
pressed into small cakes, before placing it in the 
lime block of the gas-burner furnace. In the elec- 
tric furnace there is some danger of a minute 
amount of calcium entering the platinum; mag- 
nesia refractories are more guilty of contamina- 
tion, and have been discontinued for this reason. 

The blowpipe does not differ from many 
familiar in other industrial pursuits; it has a 
double metal tube, one of which conveys gas, the 
other oxygen. Should the gas mixture be improper, 
the molten platinum is liable to absorb gases; if 
this defect is apparent the product has to be 
remelted. <A water-jacketed blowpipe is usually 
preferred, to prevent exuded particles from the 
tip entering the platinum. The lime blocks take 
the form of an upper and a lower carved section 
which are bracketed together to form a crude 
furnace, with a space for the products of combus- 
tion to escape. 

A certain unwillingness to use the are electric 
furnace was from the fear that some of the plati- 
num might be volatilized and because of the sup- 
posed possibility of contamination with carbon, In 
the attempts that were made the conditions of the 
are were not properly understood. 

Methods recently used widely for the casting 
of high temperature alloys (gas turbine blades and 
diaphragms) are also available for casting plati- 
num. In this an electrically heated crucible of 
lime and mold are constructed in one unit and, 
when the metal is molten, the unit is spun in a 
horizontal plane so the mold is filled and solidifies 
under centrifugal pressure. In this way there is 
no influence which can interfere with the forma- 
tion of a solid block of metal. The total time is 
only a matter of minutes when dealing with 


charges of one or two ounces. a 
we C. C. Downie 


Russian Metallurgical Litera; .:p¢ 


New \ 

To the Readers of Metra. ProGreEss: 

Receipt of the latest book by Georg 
an occasional contributor to these columns from 
the U.S.S.R., warrants one or two observations 
The book is on the study of metallic corrosion, and 
is such an excellent supplement to the olde 
English book by Ulick Evans that it is to be hoped 
Akimow’s book will be translated. It suffers from 
showing few influences of non-Russian work since 
1938 or 1940, but this is probably due to wartime 
postal troubles rather than to design. Particy- 
larly interesting are the transliteration of some 
English words like “pitting” and “intererystalline” 
into the Russian language. 
should perhaps give us a ray of hope that some- 
time the scientists of the world at least will speak 
the same language. 


This circumstance 


V. N. Krivopok 
Chief Metallurgist 
Development & Research Divisio: 
International Nickel Co 


A Diagnosis 


Pirrseuren 
To the Readers of METAL PROGRESS: 

For some time I have believed that many ot 
our current troubles stem from unbalanced labo 
legislation, fantastic recipes for an economic 
Utopia, and vicious politics. I now find that | 
might be wrong, for I have just received the lol- 
lowing communication from an exceptionally abi 
engineer whom I regard most highly. In the cours: 
of a wilty letter he says: 

“What with time lost in commuting and th 
attention required by the multitude of new engl 
neering problems I have been plunged into, | 
hardly find enough time to go through the accu- 
mulation of things thought up for me around the 
house and car by my wife and family each weed 
end. The kind of logic that leads a woman | 
conclude that putting up a fence around « flow 
pot is more important than the development o! 
new type of reduction gear is the kind of thinking 
that is leading this country to pot.”* 

It is possible that you too would like to! 
corrected as to what is wrong with the country 

WiLuiiAM B. Brooks 
Metallurgist and Welding Engine 
Alloys Development C 


*Or read: “The kind of logic that leads a man 
conclude that the development of a new type of rect 
tion gear is more important than putting up 
around a flower pot is the kind of thinking 
leading this country to pot.” 


le 


ihat 


Vetal Progress; Page 484 





sol This Bolt -™ ...i$ the same size 


from 
— yet twice as strong as 
hoped THIS BOLT» 


from 

since 
irtime 
rticu- 

some 
lline” 
stance 
some- 


Speak 


and 
- .../S half the 
T IS Bolt my weight, yet 
just as 
strong as a 


THIS BOLT 


These treated 

NICKEL ALLOY STEEL BOLTS 

will develop 100% greater unit tensile 
strength than untreated carbon steel bolts 


Tensile testing Nickel alloy steel bolts at the plant 
ft Lamson & Sessions Company, Cleveland, Obio 


Whether you aim to gain greater holding power, or save weight 


. EMBLEM OF SERVICE 
ind gain space, these Nickel alloy steel bolts will help you @ 
lf bolt holes are already in the part, 34” heat-treated 3135 or t 4 
035 Nickel alloy steel bolt gives twice the holding power of a 


, untreated 1020 carbon steel bolt. 





On the other hand, if bolt holes are not in, and design does not 


im ee e - rs, Tp national Nickel has accumulated 
ermit a 4,” bolt, remember a '2” bolt of the same Nickel alloy Over the years, International Nicke = 


aie. 1 4 ai ; h holdi apa a fund of useful information on the selection, fabrica 
“eels, heat treated, gives almost as much holdin ower as a , “ape soe 
rss oe = & PX . tion, treatment and application of alloys containing 


intreated 1020 carbon steel bolt. avd weighs less than half as Nickel. This information and data are yours for the 
much asking, Write for “List A” of available publications 


THE INTERNATIONAL NICKEL COMPANY, ING. sew'vorw's. 4 


September, 1946; Page 484-A 


























.- > ] “EEMNOOUEM SE AEE 
oyouog, °yy seyzpy) AY gt Y | ssoupaey Sunuop ouy ge ta Appquuaopary 
quel yy ] } jeepr oeuy EUITS® snyy pue ‘paenyorg , 
4 . | of Q2UuOp X2q UBS uotTpesodo IY APSHOLTAG() 
oa | a) to-D “= £ 
ft ‘ | { } A Ui 2 : 
you? A~4 1 f Toe Lo-D “Ur AI 
3 A A ge © 66-0 ‘ur | 
‘p A ee Cor ; rE-O "UL Y% 
P Z es + 7, | 1 AY, 4 , ' rd 
ul Ml } aan | A S 8 get ul % 
on ee S zo") "ut 
y SLL a PL 4 f > 9¢-D ‘ur % 40 ‘jeryrUy OV 
2 i ao LA | f &, 6 SSANGUV]] uvg ANIWO¢S 
TIAMMIOY NO FINVISICY 
:O]BOS J9}UID JY} WO] ssouUpaeYy apRos 
= ‘(aaund ggg = 'q aq) ‘ajduiexa sty) ur) 
> anjea 'q pue aodueystp Aurore paatmnbou 
02 & ay} Woay auTT JOATd ayy OF WaT 24) OF 
S PUB PIBMUMOP I[BIS PaPUBIS IY] FUIMOTOJ + 020 
B Aq pouruliajap auzp yoaid ay}, uo syurod 
DH OF UMBIP aie SABI JUaNbasqng = (*yuUa} 
& -u0d UOGIeD S.Jaa]s ayy UO A[UO Spusdap 
S2- x 
tay, 
S oe. 0¢0 
o % 
Q) C 
4 8 
3; so? 
> 
. Ov 
D> : 
Ss =} OF 0 
< _ 
eS + SP <a 
"ag a — 
a ; 
S | a6 er 
w se em 
LOC + OSO 
09 ssoupsey [eniur ayy) “saaunos 'q oy) qe 
se JO UISIIO UOUIWIOD 9Y} ye AUT, JOAId ayy 0} phi 
} + $9 ajvos puvYy-}j9] 94} UO UOqsed % OPQ WOW 
t OL UMBIP SI SsauUpsey “UI-% JO [eIyIUL JATZ 
0} Avs ysaty “00'S JO ‘CH YA Jaays uOques 
OP) B 10J JNO payIOM st afdurexy 
OSS ‘ayNySUP JAAS pue uosy UvdITAaWYy oy) Aq .ZL CON ‘Joos Jo ABunypeyay_ ayy 0} suotNqrajuory,, 
; } Ul UDJATH poyjout wos poaydepy ‘(Ze 40 Te JooayS eyed) UOTpTsOdwoOD [eoTUIAaYD S}I WOay payepno 
ga -|Ro 10 Aypeyusuttsedxa poutuuajap sayey ay) ‘(ongea 'q) Ayytqeuepsey [eapr s}t pue yuayuoo uog 
, A -18) S]I WOdJ [9I}S B JO (Ce JOOYS Byed) XAIND ApT[Iqeuapsey YOuUsNb-pus Zurjeurjss soy wesswowon 
009 a u | jo (¢¢ iS eed iiqeuapsey Y b-pua Suyeur J HOWON 
“ / f 
SVAAN )D AUIMIOR JO HWODBS[ RO], e) 








UOGSED Yo 








Vetal Progress: Page 484-B 


Charles Kk. Donoho 
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Substitute 





Metallurgical 


Products 


\\ ARTIME INTEREST in substitute products 
will be carried over into peacetime as an interest 
in material economy, because shortages and high 
prices will continue until such time as a new com- 
mercial equilibrium is established. Substitute 
products and material economy are thus related 
subjects. A brief description of the wartime short- 
ages of metals in France has, therefore, more than 
mere historical interest. Many of the substitutions 
that were foreed upon us were endured only 
because of extreme necessity and were abandoned 
with eagerness: some were of sufficient advantage 
fo warrant continuance even in times of abundance. 
At any rate, it has enabled my professional breth- 
ren lo make a clearer appraisal of the real require- 
ments of many metallurgical usages, and it will 
therefore be my aim to set forth first the substitutes 
used for conventional steels, and next the wartime 
changes in applications of the common nonferrous 
alloys. Lastly, a presentation of some general con- 
siderations that will apply to any appraisal in a 
more normal free economy will be reserved for a 
later communication. Even if the problem of sub- 
‘titute materials is no longer a pressing one, it has 
not heen completely eliminated, and it would be 
Well to consider the whole problem so as to draw 
Whatever general conclusions that can be of use. 

There are not, strictly speaking, two equivalent 
materials capable of mutual substitution by virtue 
ol identical properties; they must differ at least in 
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By Albert M. Portevin 


Bessemer Medalist 
Consulting Engineer 


Translated From the French 


By William M. Baldwin, Jr. 
Vetallurgical Engineer 
Chase Brass & Copper Co. 





some respects, otherwise they 
would be the same substance, since 
properties are only the expression 
of the material and its: structure 
seen from all aspects, Consequently, 
we will call a substitute any other 
metal which can, under certain con- 
ditions, be used in place of a given 
metal or alloy for a specific appli- 
cation. Substitution will be possi- 
ble, one material for another, if 
there is a certain equivalence or 
similarity from the standpoint of 
use, and only then. 

Use will require certain prop- 
erties which the metal must have 
in sufficient quantity for the piece 

to give satisfactory service. The properties will 
depend on the part and the use to which it is put. 
Thus, we can speak of substitutes for certain appli- 
cations, but this does not permit any generalization 
to be made to the effect that one alloy can be sub- 
stituted for another (without specifying both the 
parts and their use). 

For example, a particular zine alloy may be 
substituted for a particular brass for a particular 
part, but we cannot say in general that zine alloys 
ure substitutes for brasses. 

With these brief introductory remarks, let us 
proceed to specific examples, first of steels, then of 
nonferrous alloys. 


Substitution Steels 


Substitution alloy steels have reeecived much 
study and work — before the war in Germany, in 
preparation for the conflict, and during the war in 
France, as a result of dictates to which we were 
Much successful work has also been 
To review the French situatien, 


subjected. 
done in America. 


we can do no better than to summarize the con 
ference held on May 138, 1945, at our request, by 
André Sourdillon and 
Rayonnement Francais with the representatives of 
the Allied Expeditionary Force. 

Steels Used at the Beginning of the War To 
start with, the adjoining tables list the essential 


under the auspices of 














special or alloy steels used in 1940, separating them Finally, manganese rapidly came {, }, the 
into three classes: A. Structural steels used at basic addition element in the steel indus! But 
ordinary temperatures; B. Structural steels used at if “European” production could amply cover con. 
elevated temperatures; C. Toolsteels. Inspection sumption requirements in 1942, it was 1 ssary, 
of the tables shows that Class A contained consid- according to German authors, to use the entire pro- 
erable nickel or chromium or both; Class B con- duction of the Russian Donetz mines, whos high 
tained relatively large amounts of both nickel and manganese content permitted only the production 
chromium; and Class C depended on an ample of the newer (substitute) steels. However, the Rus. 
quantity of tungsten or molybdenum. The greatest sian army retook Nikopol in 1943. 
tonnage went into the structural steels of Class A, To sum up, the various additions could be 
and in particular into chromium-nickel-molybde- listed in the order in which they were incr asingly 
num steels. These made the essential parts of auto- more available: Nickel, molybdenum, tungsten, 
chromium, vanadium, manga- 


. : nese. They succe 
Class A: Structural Steels Used in 1940 . sethantes 





replaced each other in special 
| ADDITION ELEMENTS a steels, which thus tended 
Ny seca toward becoming simple car- 
|} ; os _ bon steels. 
Casehardening Equivalence of Addition 
Quenching X tempering Elements — Addition elements 
If 2.5 j (0.10 | Casehardening are put in steels to effect cer- 
Cr-Ni-Mo steels ; ) 0.30 Quenching & tempering 


Nickel steels | 2tod5 | )0.30 


3.5 | 1. 0.30 | Air hardening tain favorable physical prop- 
eit | | r : (0.10 | Casehardening . erties such te 

. . )}0.30 | Quenching & tempering 1. To decrease the critical 
Cr-Mo-Al steels | - | 1. 2 0.3 | Nitriding quenching rate or (what is 
directly related) to increase 




















mobiles or heavily armored vehicles as well as protective Class B: Steels for Special Use (1940) 
parts and armor for tanks and artillery, and they were 

considered to be of very high quality. ANALYSIS 
The Effect of Occupation on Supplies — The occupa- Ww SI 
tion and consequent German control brought about the 
progressive reduction and ultimately the disappearance ol ; : | 
I 





USES 








these addition elements. In 1943, O. d’Heil, director of the Exhaust valves 


Reichstelle in Berlin, appraised the supply question in the 
following manner: 


Heat resistance 
High temperature 

















“Nickel does not even enter commerce at this time. {corrosion resistance 
It is too precious for any except 
most essential work. 

“Molybdenum likewise is on Class C: High Speed the depth of hardening, or 





the point of disappearing and it Toolsteels Used in 1940 what has become known 4s 


can only be tolerated for excep- aaatitiinin the “hardenability” of steel. 
tional uses outside of toolsteels. a ; 2 To decrease the hard- 
Supplies are cut off from Morocco PT : a ening temperature, and thus 
by the blockade. | . reduce distortion during 
“Chromium, on the other hand, | ' quenching. 
is being produced in the Balkans S 5 to 10 3. To decrease the tend- 
in important quantities and sup- ency to overheat, or cause 
plies are augmented by certain austenitic grain growth at ele- 
reserves from Turkey. [This ele- vated temperatures, which 
ment could be used abundantly enough until 1943, leads to structural weakness, or which requires 
but thereafter in progressively reduced quantities. | precautions to avoid it, or supplementary treat 
“Almost all sedimentary ores contain some ment to remove it. 
vanadium. The German process of recovering this 4. To increase the group of mechanical charac- 
metal from Thomas slags by forming vanadic acid, ~ *See “General Review of German Metallurgical 
yields relatively important quantities of ferro- Practices”, by John H. Frye, Metal Progress, /«nuar) 
vanadium.* Supplies in this metal are adequate.” 1946, page 81. 
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teristics obtained after thermal treatment - 
in particular, for a given value of the ulti- 
mate strength — such as the value of the 
yield point, the endurance limit and, most 
of all, the elongation and impact strength. 
For carburized steels, especially when used 
full hard, the last two characteristics should 
exceed a2 minimum value. 

5. Yo diminish quench cracks. 

}. To diminish temper brittleness. 

The effect of these addition elements, in 
obtaining the above objects, is different in 
intensity and sometimes in direction, as may 
be seen in Fig. 1, where an attempt has been 
made to summarize these tendencies in a 
simple qualitative manner; the arrows indi- 
cate, by their length and direction, the 
amount and direction of the modification that 
can be obtained in steel with the usual alloy 
additions. 

The diagram shows a similarity in the 
effect of the first three elements (nickel, 


molybdenum, and manganese) as far as the hard- 
ening rate and transformation temperature are 
concerned, but a marked divergence in other prop- 
Thus, prevention of large grain growth is 
actually attained with nickel only; steels lacking 
this element are susceptible to overheating. 
Furthermore, temper brittleness, avoided by the 
specific use of molybdenum, is not eliminated by 
other elements in steels free of molybdenum, espe- 
Lastly, quench cracks 


erties. 


cially those high in carbon. 


Effect of Alloying (Addition) Elements on 
Structural and Engineering Steels (After Sourdillon) 
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nese steels. 


ditions of use. 


Compositions of Principal Types of Substitute Steels Used in France 


favorable complexes. 
of alloys listed, Ni-Cr-Mo is the one which meets 

















(0.22 
)0.35 


TYPE ELEMENTS * 
ane Dave | Nr{ Cr| My] Mo| V 
Nickel-chromium \| 1.3) 1.5/0.8) 0.2 
(1940 to 1941) ) 11/120! i loo | 
| bs | “ | = 7 a 
Chromium-molybdenum {| | 
(1940 to 1941) ‘ —_ 1.2 | 0.9 6.10) a 
Chromium-manganese- | 
vanadium — | 1 0.9 | — | 0.2 
(1942 to 1943) | 
ss 22> 
Chromium-manganese \ ; ol 
(1942 to 1944) } —{| 33) 33) —/ - 
Manga: ese-silicon - 
(1944 to 1945) —jmj ta) tee 


| 


| 
— TREATMEN1 


Cc 


(0.10 | Casehardened 

Quenched & tempered 
0.15 | Casehardened 
0.10 


0.30 


Casehardened 
Quenched & tempered 


0.15 | Casehardened 


0.15 | Casehardened 
Casehardened 


Quenched & tempered 





0.35 | Quenched & tempered 











*: represents incidental amounts residual or necessary in the steelmaking 
Process; silicon is incidental except in the Mn-Si steel last listed. 
means none, or a low fraction of one per cent residual from scrap or 


recoy 


ed from other raw materials. 
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would be frequently encountered in high manga- 
It will also be noted that chromium 
and vanadium operate in the same direction, with 
some variation in intensity depending on the con- 


In general, elements with similar effects rein- 
force each other, and in particular, chromium may 
be used to advantage with other elements to form 
Among those combinations 


the most requirements 
of industry. 
The bottom line of 


Fig. 1 sets the maximum 
alloy content, all things 
being taken into consid- 
eration. Two of them, 
molybdenum and vana- 
dium, which are effective 
in extremely small 
amounts, are particularly 
interesting in these times 
of shortages. 

Properties and Serv- 
ice Performance In 
general, the evolution of 
the addition elements in 
the substitution steels 
was effected thus: 

1. Down-grading of 


prewar steels containing 
nickel, to 


lower its con- 








lent to the vanishing point, by substituting chro- the properties of the core in parts with a ISS 






















































































































mium or chromium and manganese. section. The lower left is a steel of the ss lype 
2. Modifying the chromium-molybdenum and as the second with a little higher carbon «. »jent- 
chromium-vanadium steels. it has still lower impact strength, but coocrally 
3. Creating a chromium-manganese-molybde- better hardenability. , 
num steel; then one without molybdenum. These eurves show how a slight variation jn 
4. Reintroduction of a manganese-silicon stee|! the essential elements, carbon, chromium aiid man- 
when all other addition elements were prohibited. yanese, radically affect the properties of the steels. 
The analyses of the more typical of these steels and how sensitive their bulk hardness is to the see. 
are indicated in the adjoining table. It can be seen tion size of the hardened piece. 
how the addition of the more precious elements The diagrams at the right of the group repre- 
decreased gradually until only the last two with sent three half-hard steels used only as quenched 
chromium, manganese and silicon were authorized and tempered. The first, of a prewar type, is char- 
~~ and then with heavy restrictions —- early in 1944. acterized by its good impact strength in the 
If this measure produced an important saving quenched condition and its good hardenability 
in special elements, it led us slowly to the conclu- being completely hardened in 144-in. rounds, 
sion that any of the elements but carbon itself The other two, both chromium-manganese 
would soon be a rare and perhaps super- 
fluous addition! Fig. 2—- Comparison of Mechanical Properties and Harden- 
These steels can be compared with ability of Substitute Steels Used in France. Below are dia- 
steels used previously according to the grams for three carburizing steels; on page 489 the diagram 
properties obtained or according to shows three steels for general use in highly stressed parts 
results in service. 
Properties —-These steels were used Ultimate Strength water a Sy 
in the heat treated condition, either ' Se Se ae) oe ‘ 
carburized, or quenched and tempered, _ Yield / ” | 
the properties depending on the mass of Ponts 7 
the piece and the depth of hardness 150 tN t= 20 
the latter determined by the analysis Impact Strength, 7X a 
and the heat treating conditions. For ——_—_ > mY os . 
the purpose of simplification, the depth 100 Bo ae NS 10 [ Haraness as Annested 
of hardness could be described by the - Ali. 3" 34g" /3g"./e"-2°- -29/a'"| 10 
hardness curve across the diameter of a ce ort Mo Stee! | SS rid Diameter 
hardened (but not tempered) cylinder S Grain Size: 5 y . 
of proper diameter, and the mechanical ~ 200 . 7 3OR a 
properties could be evaluated as a func- < 5 rena © i =< 
tion of the drawing temperature after & ve iS Hf ms 
quenching. Usual properties determined 8 1/50 s 20 S i  § 
were ullimate slrength, elastic limit, ~~ n : HF : 
elongation and notch impact strength. = /mpact Strength~~ < wt 
These are shown for some steels of spe- s 100 | Elongation 5 a 10 S ' Hardness as Annesled; §& 
cial interest in the adjoining diagrams. 2 oy sae eee 7 & PAL a) "ei | PO Rs 
; : : 3 nae eet CE ee oS 58" 54" /Ne Ns" 2” S 
In the left portion, a comparison is | Ge-Mn Sige/ ~C O/5, Cr 10. nia} Demeter ; «& 
made between the three substitution ms 50 (Grain 51263 MN 12 O : | sina 
high strength steels designed for case- 2 - Ultimate iS 
hardening. The first’ steel, containing S200 | | SNe Strength 30 ater Quenched 
only I‘ nickel but with considerable > Yield Point A 1h 
chromium, gave properties almost iden- a H 4 N 
tical with those of the best prewar varie- 150 \G0-Mo Steel lee 4 log y Wy 
ties as far as high impact strength in the & on) fal ; 
hardened condition is concerned, as well Mn i 3 PR % Oil QUE cher 
as for high hardness penetration. Grain Sizé:5 a] \ HA ed et be 
The second steel, a mild chromium- 100 Tp TTC ” 112i ae ee 
—? gy ta POPs 
manganese steel, of the same strength -_ >" Se op || Haraness as Annes 
as the preceding one, had impact Elongation o¥ uo ** d 
strength and hardness penetration sen- 50 5 400. 800 1200 Oo ™ Hardness Traver 
sibly less, so that it would possess only Drawing Temperature, F 
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steels. il 
g stecls of the same type: 
impact strength in the hardened state is such that 
thev are useless unless drawn to 1000° F. or higher. 
"Here again, slight variations in composition 


tion 
temperature. 
composition, grain size and heat treatment. 
prevents their use at elevated temperatures. 
if impact strengths at equal 
strengths are compared, either after a low draw 
approximately 500° F.) or after a considerably 
(approximately 1200° F. 
tion steels appear definitely inferior. 
hand, systematic tests conducted by the Air Min- 
istry have shown that the endurance limit either at 
a given strength level or at equivalent impact 
strengths were higher for the substitution steels 
than for the older steels — results which a number 
of German investigations have confirmed for gear 
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iave the same disadvantages as the carburiz- 


Their elongation and 


radically affect the mechanical properties 
ticular, the steep portion of the curves for elonga- 
and impact strength versus tempering 
This requires close control of steel 
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in par- 


It also 


), the substitu- 
On the other 


teeth. From the latter point of view the chromium- 
manganese steels, in particular, have some advan- 
tages. There are some applications in which the 
parts are subjected either to high fatigue or to tri- 
axial loading without shock for which the new 
steels appear to be superior to the old. Further- 
more, a slight improvement in hardness and wear 
resistance appears to be obtainable. 

Practical Results _— Results of service perform- 
can be summarized as follows: 

1. The substitution of steels low in nickel for 
in nickel was effected with 


ance 


the older steels richer 
no trouble. If they sometimes presented diflicul- 
ties in annealing before fabricating or in 
hardening, they had very good properties. It would 
appear that they will be developed and used, in the 
future, at the expense of the older alloys. 

2. The most distinctive behavior of the 
replacement steels was that they had only a slight 
hardenability. This requires the metallurgist to 
increase the carbon content, which in turn leads to 
brittleness. The uniform penetration of hardness 

was not as good in parts with variable 
steels. In 


ease- 


cross section as in the older 
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casehardening, for example, the ultimate 
strength occasionally attained very high 
values in thin sections, whereas massive 
sections hardened insufliciently. 

characteristics, despite 
make it 


the 


neces- 


These 
higher endurance limits, 
sary to discriminate in using these mate- 


rials; when the service, shape and 
dimensions of the piece are taken into 
account. Thus, gears-—not heavily 
10 loaded but subjected to an underesti- 
mated shock or impact — have failed; 
0 whereas the new steels have performed 
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well for heavily loaded gears not sub- 
jected to impact, because of the higher 
limit. In such high 
quality steels considerably harder than 


uses 


S those chosen heretofore may be 

3S employed in the future--the impact 

& strength being of less importance than 
7s previously thought. 


This discrimination was rigorously 
10 applied at the beginning of 1944 to limit 
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4 account both the properties and the prin- 
g - 40 cipal dimensions of the piece, simple 
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Z 30 with thin sections, especially when sub- 
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in a brittle network), a rapid quench following 
tempering, to avoid temper brittleness or the visi- 
ble reprecipitation of carbides. 

Since these steels distort more on quenching, 
and are more susceptible to cracking, they require 
a high precision in the control of factors governing 
these operations. In this respect, time quenching, 
austempering, and superficial heat treatment (either 
by flame or by high frequency induction devices) 
appear to be efficacious in reducing these defects. 

Generally speaking, it was thus possible to 
economize in the use of the important addition 
elements in structural and engineering steels, and 
get along with the resources at our disposal. The 
same methods for economizing were applied to the 
other classes of steels that represent a much smaller 
tonnage —— toolsteels, in particular. 

Substitution Toolsteels — The predominant ele- 
ment in these alloys was tungsten, whose rapid dis- 
appearance forced us to replace it with vanadium 
and chromium. Among the numerous composi- 
tions tried, the following were retained: 


W Mo Cr 
10 1 

6 5 

3 3 


Opinions regarding the cutting ability of these 
steels were very divergent. The richest grade listed 
above seemed to be equivalent to the old 18-4-1, the 
leanest to the old 14-4-1. 

Everyone, however, was in agreement that the 
heat treatment of these steels — which were much 
more sensitive to overheating and to decarburiza- 
tion than the old — should be carried out with 
much greater care than formerly. Some new meth- 
ods were useful in improving properties; here, as 
in the case of structural steels, future development 
will tend toward the 10% tungsten steel which 
saves nearly one-half of this rare element. 

General Conclusions— With continued 
improvement of these substitute steels, of their heat 
treatment (especially their sur- 
face heat treatment), and with 
a better knowledge of the dis- 
tribution and value of internal 
stresses in mechanical parts, it 
may be possible in the future 
to manufacture much equip- 
ment with the newer steels that 
is comparable to the older. In 
the future, too, it may be possi- 
ble to obtain either a reduction 
of the rarer addition elements, 
or a reduction in the amount 
of special high property steels 
used by machinery makers. 


Welding and Resurfacing 


Worthwhile economy was achieved in (he field 
of welding and resurfacing either with the oxy. 
acetylene flame, atomic hydrogen process, or the 
gas-air torch. We will cite a few examples: 

Rails — Railroad rails wear principally at their 
ends. This constitutes a considerable expense that 
can be alleviated best by welding them end to eng, 
increasing the solid length from 60 ft. to 180 or 399 
ft., thus reducing maintenance costs due to wear of 
the butt ends by 60 to 80%. The inevitable wear at 
the ends of these longer units can be repaired by 
building up the surface and grinding the deposit 
smooth. 

This scheme is also used to repair worn or 
cracked austenitic manganese steel frogs and cross- 
ings. In this operation it is necessary to use q 
micrographically identical metal — that is, austen- 
itic on air cooling (or on quenching if necessary); 
therefore, 18-8 electrodes are used for filling cracks, 
and 13% Mn, 5% Ni electrodes for resurfacing 
Care must be taken, when using the latter, to coo! 
the web of the rail with water, by means of wet 
cloth or otherwise, while the successive beads are 
cooling on the rolling surface. 

It is worth mentioning at this point that one 
mile of main-line railroad track, the rail weighing 
about 180 tons, can be repaired in a few days by 
two workers with the use of oxy-acetylene equip- 
ment, and 225 to 325 lb. of metal! The over-all 
economy of this operation can be realized. 

It should be mentioned, too, that the quality of 
the metallic deposits can be improved by introduc- 
ing elements such as manganese and chromium in 
quantities up to 1%. 

Propellers — Cavitation produces erosion on 
the leading edge and face of ship propellers. When 
the Normandie was first put into service, such ero- 
sion required a change of screws (20 ft. diameter, 
271% tons weight) every two months. Later they 
were rebuilt by atomic hydrogen welding; resurfac- 

ing required a deposit of 675 bb. 
of metal, laid down in 410 hr. 
for two screws. 

Rebuilding Tools — In tools, 
only the cutting edge itsel! 
requires the cutting properties 
due to the presence of alloying 
elements. Their consumption 
‘an thus be limited to the work- 
ing part of tool only, which cat 
be repaired by resurfacing by 
torch or arc fusion. 

For example, tractor tread 
links were repaired with cast 
iron containing nickel and chro 
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mium added to give the necessary wear resistance, 
plowshares which had to be reforged had their 
cutting edge protected with a chromium steel that 
could be forged. Tools were resurfaced with a 
high speed steel or a Stellite type of alloy (high 
in cobalt, tungsten and chromium). Similar 
means were used to repair seats or valve heads 
for exhaust valves. 

By virtue of the high carbon in high speed 
steels, a hardness of Rockwell C-62 to 64 exists in 
the weld deposit without further heat treatment if 
the weld is rapidly cooled. This is sufficient for 
cutting the emergency steels. With heat treatment, 
Rockwell values of C-68 to 69 are possible. 

Resurfacing of machine parts with steels and 
alloy irons is becoming known as crinitage, and 
effects a considerable economy in the use of special 
addition elements that would be required if an 
entire new part were to be fabricated. 


Nonferrous Metals and Alloys 


Developments in the situation with regard to 
nonferrous metal resources during the war can be 
described by mentioning the scarcity of copper and 
tin (to say nothing of nickel, already discussed 
above), then the steadily increased use of alumi- 
num in aviation and — later — the scarcity of zinc. 

Since the use of tin-base alloys, such as bearing 
metals and solders, was distinct from that of cop- 
per alloys, it will be discussed separately. 

Copper and Copper Alloys— Copper is pri- 
marily used because of its high electrical and ther- 
mal conductivity, its excellent ductility (which 
allows production of fine wires and sheets), and its 
corrosion resistance. 

For those electrical applications where copper 
wire is used for conductivity and its availability in 
fine sizes, pure aluminum wire can be substituted 
down to 30 gage (0.012 in. diameter), or aluminum 
alloyed with small amounts of magnesium in sizes 
down to half as large. Substitution of aluminum 
for copper cannot be made if certain corrosion con- 
ditions such as marine exposures are present. 

Aluminum can likewise be substituted for cop- 
per where the latter is used because of its thermal 
conductivity and its formability, such as fittings for 
the chemical industry, distilleries, food processing. 
As before, certain corrosive conditions, such as 
saline solutions or various mineral or organic 
products, limit its use. Some applications of cop- 
per where its thermal properties are of paramount 
importance, cannot be replaced, such as tuyeres in 
blast furnaces and blowtorch nozzles. 

Lastly, the plasticity of copper is used to 
advantage in certain applications such as in rotat- 
ing bands for artillery projectiles. For this, pure 


iron, electrolytically deposited, was substituted in 
the 1914-1918 war, iron powder compacts in the last 
war, and, as has been pointed out by the present 
author, black heart malleable iron. 

Brass — Brasses are used because of the ease 
by which they may be formed either by rolling, 
drawing or stamping, or by machining. At the same 
time, they have greater tensile strength than copper. 

1. Brasses for rolling, drawing, or stamping are 
the alpha brasses rich in copper. Aluminum, either 
pure or slightly alloyed, was used for deep drawn 
parts such as cartridge cases. Even extra mild steel 
was used in some substitutions like bullet jackets. 
Cartridge cases of all calibers were formed of plain 
carbon steel containing 0.15 to 0.20% carbon.* 
Radiator tubes, coils, or condenser tubes —- where 
corrosion, and especially marine corrosion, is a 
factor — 70-30 cupro-nickel, or 8% aluminum 
bronze, or brass with 1% tin or 2% aluminum were 
used, and these could not be replaced. 

2. Brasses for machining are the free-cutting 
brasses (alpha plus beta) with 1.5 to 2.0% lead. 
These alloys were replaced by high sulphur steels, 
and sometimes by light alloys. Zine alloys with 
bismuth or thallium additions, which will be 
described later in the report, were also used in cer- 
tain substitutions. 

Copper Foundry Alloys — Attempts to substi- 
tute aluminum for brass and bronze castings — for 
example, fittings — were started but were not car- 
ried through, since it was necessary to abandon 
aluminum for zinc. In certain common applica- 
tions, corrosion resistance is essential; aluminum 
in such parts requires anodic protection. 

Aluminum and Aluminum Alloys — Aluminum 
alloys are used because of their low density —a 
property that cannot be obtained otherwise except 
in magnesium alloys. The latter are more costly to 
produce, more readily oxidized, and less stable, 
especially where saline corrosion is concerned. 
Moreover, the available protective methods for 
magnesium alloys were less efficacious than, for 
example, the anodic oxidation of aluminum. 

In view of the small amount of virgin alumi- 
num allocated for French use, the recovery of scrap 
(always plentiful in wartime) became an important 
factor. The scrap was segregated according to 
alloy group, since certain cross-mixtures must be 
avoided. For accurate segregation, chemical analy- 
sis is frequently necessary; when faster work is 


- required, certain spot tests can be used, such as 


color tests requiring reagents (like caustic soda, 


‘ hydrochloric acid, nitric acid, cadmium sulphate). 


Scratch hardness tests are also of value. 
Once the scrap is segregated it is melted under 





*See a rather complete account of German prac- 
tice in Metal Progress for March 1945, page 491. 
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flux, which effects some purification. These fluxes 
are based on alkaline fluoride salts to which chlo- 
rides are added to lower the melting point; their 
principal action is to dissolve the aluminum oxide 
on the scrap and cause the droplets of molten metal 
to run together. Despite the best we could do, we 
found that high quality alloys still required virgin 
metal; recovered alloys should be reserved for 
second-grade parts. 

Tin Alloys —- ‘Tin is the base for two principal 
alloys in which its low melting point, antifrictional 
properties, relative resistance to oxidation, and its 
miscibility with other metals, are put to play. These 
are (a) antifriction alloys intended for coating 
bearing surfaces in varying thicknesses, an opera- 
tion known as lining or babbilting, and (6) solders 
with low melting points used in joining parts with- 
out fusion of the basis metals. 

The searcity of tin was felt likewise in the 
United States, and as there, we in France had to 
adopt the following measures: 

1. Reduce the lining thicknesses in bearings. 

2. Use alloys without tin or with a minimum. 

3. Recovery of as much as possible of white 
metal serap or fusible alloys containing tin’ in 
combination with lead, antimony and copper. 

Modification of the conventional antifriction 
alloys was along the following lines: For centrifu- 
gal castings, lead-base bearings were adopted with 
a maximum of 12° tin with at least 16° antimony 
to avoid brittleness and a small amount of copper 
(0.8 to 1.5°) to prevent segregation due to density 
differences. An alloy with 12° tin, 14°% antimony, 
08° copper-— or 15° copper with 2° cadmium 
to reduce deformation under load -— was typical. 

For gravity castings, a lead-base alloy with 
10°. tin and 10% antimony was adopted for better 
castability. As will be discussed later, zine-base 
alloys were even substituted in some instances as 
a tin-free antifriction alloy. 


However, it is important to note 
various antifriction alloys should be con d on 
the basis of the properties required by service, a. 
was brought out in “Choice of Acceptance Tesi 
as Exemplified by Antifriction Alloys” a) earing 
in the correspondence pages in the Novem! on 1945 
issue of Metal Progress. In particular, the alloy 
should possess sufficient plasticity under constant 
load; this is determined by creep tests in « mpres- 
sion at definite temperatures. Deformation js 
found to be a function of time, ¢, as follows: 
D=kt® 


It is important that the exponent m be as 
large as possible. For loads giving a 1‘ 
sion in 200 hr. at 40° C., for example, it was found 
that the order of magnitude of the exponent, m, 


compres- 


was: : a 
m=-1.0 for tin-base antifriction alloys 
m= 0.6 for lead-base antifriction alloys 


m= 0.4 for zine-base antifriction alloys 


Solders — The standard solders in France as 
in the United States were tin-lead alloys whose tin 
content varied from 40 to 60%. These alloys grew 
up in the trade without any systematic study. 1 
lower the tin content, an analysis was made of th 
properties desired, correlated with the constitu- 
tion diagrams and the cast structure. [t was 
immediately apparent that poor castability and 
the presence of dross in solder having a low tin 
content (10 to 20%) was due to the presence 
traces of impurities (copper less than 0.1°%, iron 
less than 0.05°¢) which it was necessary to avoid 

In studying the mechanism of melting during 
soldering, it was determined that when soldering 
with a soldering torch the alloy is brought t 
pasty state and the solidification range must b 
sufficiently broad. The better solders among the 
lead-rich alloys are those in the vicinity of 20 
tin-—even a 15% tin alloy has a_ solidification 
range that is broad compared to a 33° tin solder 

On the other hand, when soldering with 4 
soldering iron the alloy is completely molten 
Therefore, it is only necessary to consider th 
fusibility and adhesion of the solder. For the 
soldering of zinc, iron or copper a .ow tin conten! 
is theoretically sufficient to obtain adhesion sine 
these metals are readily soluble in liquid tn 


Consequently, solders with 12 to 20 tin can he 
used. It is only when it is desired to limit the 


temperatures involved-—as when _ soldering '0 
plate so as not to exceed the melting point of U2 

that it is necessary to use the eutectl alloy 
(with 40° Sn). For aluminum, solders mus! 
contain zine (in which aluminum is soluble) ! 
obtain bonding. Hence the standard solders 
for aluminum are either zine-tin or zine-cadmiun 


base alloys. 
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On the basis of systematic studies on the 
melting points of zine, aluminum, copper, mag- 
gesium and antimony alloys, M. Dannemuller 
shose a eutectic zine alloy with 3.2% magnesium, 
98% aluminum with a melting point of 660° F. 
rhis is a little too high for soldering very fine 
pieces: for the latter, he selected a ternary eutectic 
of lead-cadmium-tin with an addition of 30% zine. 
On the other hand, soldering aluminum with 
metal-flux powders requires a very dense alloy; a 
typical example is a lead-base alloy with 3 to 4% 
vine for adhesion and 3% tin or 8% cadmium for 
miscibility. 

Recovery of White Alloy Scrap -—- White metal 
scrap (after the iron is separated magnetically) 
furnishes a complex alloy of Pb-Sn-Sb-Cu that is 
usually treated by liquation, either natural or 
induced by adding other metals that produce a 
crystalline compound with certain undesirable 


Germany in the 1930°s in preparation for the 
eventual copper shortages which were expected to 
result from the coming war. As with the other 
metals discussed above, we can do no more than 
review the salient points concerning the substitu- 
tion of zine alloys for copper alloys. 

Zine has properties quite different from those 
of copper; it has a low melting point, and conse- 
quently a high coefficient of expansion and a high 
creep rate at room temperatures; it has a hexag- 
onal crystal and consequently it is difficult to work 
and is subject to marked directional properties 
resulting from preferred orientation. Finally, as 
is well known, the dimensional stability and inter- 
crystalline corrosion resistance are satisfactory 
only if the zine is extra pure or contains slight 
amounts of magnesium. 

In practically all of its applications, it is best 
that zine alloys be protected against corrosion by 


Standardized Wartime Zinc Alloys* 











ZAMAK ALLOYS (WITH ALUMINUM) AZ ALLOYS 
COMPOSITION ee - ‘ 
ZAMAK 2 | ZAMAK 5 ZAMAK 8 ZAMAK AZ-1 AZ-2 AZ-3 
Al 4 4 10 0.8 0to 0.1 0 to 0.2 
Cu 25to3.0 | 0.5to1.0 0.6 to 1.0 0.4 1.0 2.0 3.0 to 5.0 
Mg 0.210 0.5 0.2 to 0.5 0.2 to 0.5 Oto 0.2 0 to 0.3 
{Si 0.1 to 0.3 
: }Mn 0.1 to 0.3 
Others — Mn 0 to 0.5 )Pb 0.5 to 0.8 
| Te 0 to.1 
Used ast Cast Rise Wrought ont das Wrought bees Wrought 
i 








*Based on zine 99.993% pure. 7“Wrought” includes most forms of mechanical working, such 
as Wire drawing, die pressing, rolling and extrusion. 


constituents of the bath. This treatment has been 
improved considerably by scientific study of the 
solidification of these alloys and the use of closely 
controlled temperatures. 

Details of the liquation process cannot be 
given here; it will suffice to say that in the first 
stage of natural liquation most of the copper is 
separated by crystallizing out as Cu,Sn. The 
liquid is drained off and the antimony and the 
balance of the copper are eliminated by liquation 
and chemical treatment with metallic chlorides, 
leaving a tin-lead alloy, suitable for use in solders. 
The solid residue from the first operation is cal- 
cined and leached with sulphuric acid; the sul- 
phates are then marketed as salts or they may be 
reduced to metal. : 

Zine Alloys — Zine alloy applications are well 
known in the United States where most of the 
developmental work was done. Much scientific 
and technical study was given to the subject in 


nickel or chromium plating or by some chemical 
treatment. 

On the other hand, its low melting point and 
its castability make the metal particularly well 
adapted to die casting and pressure casting, per- 
mitting precise dimensions on thin sections and 
complicated shapes. Even before the war, these 
alloys were well known in France for fabricating 
automobile parts such as carburetors. 

To much of the industry, however, zinc alloys 
were a novelty, especially the semifinished prod- 
ucts such as sheet, rod and tube. Certain precau- 
tions were necessary in the use of these alloys and 
the Ministry of Industrial Production created a 
technical organization under the name of the 
“Committee of Organization and Control for the 
Use of Zine Alloys” whose duties were not only to 
counsel and set up technical control of industry 
but also to avoid German interference in these 
endeavors. 
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First the committee cut down the long list of 
zinc alloys then manufactured, and limited pro- 
duction to seven alloys shown in the adjoining 
table. These were enough to fill all requirements; 
even this number was reduced after some experi- 
ence, and finally the types were standardized. 

At the outset it should be mentioned that, 
during the war, plating of fabricated parts was 
practically impossible because of the scarcity of 
nickel and chromium in France. Furthermore, 
the quantity of zine alloys available in France for 
replacing brass and bronze was limited and it was 
necessary, therefore, to avoid many interesting 
applications of these alloys which were not abso- 
lutely necessary to the economy of the country. 

Pressure Castings — This is the field for which 
zine alloys are best suited and one in which they 
are not, properly speaking, substitution alloys. 
Before the war, the automobile industry was the 
largest consumer of zinc die castings. After 1941, 
the fittings industry, hardware trade, locksmithing 
trade and clock manufacturers absorbed almost all 
die cast zine alloys. 

It is expected that the advances made by these 
alloys at the expense of brass in these fields will 
be retained in the future, for the use of Zamak 5 is 
being increased in place of Zamak 2. 

Gravity Castings-—— The most important appli- 
cations of gravity castings have been in the 
plumbing and fittings trade, using Zamak 5. Some 
corrosion failures were encountered in water line 
fittings, especially when in contact with nickel or 
brass. These alloys were not used for hot water. 
The prohibitions against nickel plating interfered 
with their application to overflow pipes, drain 
pipes and syphons, 

On the other hand, excellent results were 
obtained in applying these alloys to gas fittings. 
Zamak 5 was also used with great success for 
both building trade hardware and drawer pulls 
and other furniture hardware. 

Lastly, a very interesting application was the 
use of Zamak 5 or Zamak £ for bearings. Good 
results were also obtained in bearings for street 
cars and mine cars. 

Semifinished Products — Zamak 5 and 2 were 
practically the only alloys used to replace free- 
cutting brass. AZ-3 alloy, which gave a good fine 
chip and which was well suited to automatic screw 
machine operation, was not used much because it 
contained lead and bismuth, which were trouble- 
some impurities in the scrap reused by plants 
having their own zinc foundry. 

Screw machine parts were used mostly for 
screws, cocks, small electric parts, and automobile 
or bicycle tire valves. The production rates 
expected with brass could not be attained with 


Zamak alloy rod, drilling and tapping of {his alo, 
being especially difficult. ; 

Attempts were likewise made to replace brass 
with Zamak 5 for stamped or forged paris: thys 
this alloy was used to make automobile yalyes 
which could not be made of iron or duralumin. It 
is expected, however, that in the future brass wil] 
retain its advantage because of the higher cost 
of hand labor required for the zine alloys. It 
would seem that die casting is the more likely field 
for Zamak alloys. 

Zamak 5, AZ-1, AZ-2, and zinc strip were used 
in making small electric parts, clock parts, and 
zippers. Some trouble was encountered with 
fasteners, since the zine did not adapt itself to 
dimensional changes of the fabric arising from 
temperature and humidity variations. 

Bent and formed parts for electrical appara- 
tus gave good results when made in zinc, if they 
were not subjected to large stresses in service. Its 
low resistance to plastic flow prevented the fabri- 
cation of lighting equipment or parts subjected to 
high temperatures. However zinc sheet was used 
for lamp sockets. (Once, in 1942, the Germans 
planned a large social gathering in a hall where 
such equipment was installed. To brighten up the 
premises, 200-watt bulbs were substituted for 60- 
watt bulbs in all sockets. During the course of the 
evening, all of the bulbs fell out and crashed; the 
zinc sockets opened up at the higher temperature 
under the simple weight of the bulbs they were 
supporting. ) 

Low resistance to plastic deformation also 
prevented the substitution of Zamak \ wires for 
copper or aluminum. 

Applications of zine alloys in war material 
will not be listed here because they will be of less 
interest in the future. 

To sum up, zine alloys are best substituted 
in the chill-cast condition. The hardware trade, 
locksmithing, and fittings manufacturers will 
undoubtedly continue to use these alloys for many 
applications, replacing prewar brass. Lastly, the 
clock, household appliances, and costume jewelry 
manufacturers will use these alloys when there is 
a supply of nickel or chromium for plating. 


Conclusions 


The most important work done on substitute 
metals that will have some permanent value in 
future applications includes the substitute steels, 
die cast zinc alloys, new compositions of babbitts 
and solders, the art of aluminum scrap recovery, 
repair and resurfacing by fusion welding, as well 
as specific applications that will be modified and 
improved in the future. 6 
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THE MACEDONIAN SURPRISE PARTY 


When the proud Persian hordes plunged headlong 
at Philip of Macedon's army, they were dumped into 
the minor leagues by an entirely new strategy, the 
phalanx: a solid wall of warriors sixteen ranks 
deep. Strength-in-depth withstood and defeated 
the impact of an over-confident enemy. 
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MOLYBDIC OXIDE—BRIQUETTED OR CANNED @ FERROMOLYBDENUM @ 
ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


CLIMAX FURNISHES AUTHORITATIVE 





EOE. 


September, 1946, Page 495 


Molybdenum steels are economical means of 
getting the strength-in-depth called harden- 
ability. With it, you're assured of dependable 
performance under severe service conditions. 
Practical facts are available to show you where 
molybdenum can go to work for you. 





“CALCIUM MOLYBDATE* 
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Personals 


WAGENHALS @, 


control 


rn. &. formerly 
quality has been 
appointed director of quality 
trol for all bearing divisions of the 
Timken Roller Bearing Co., Canton, 
Ohio. 


engineer, 


con- 


Pappock @, for- 
merly vice-president in charge of 
manufacturing and engineering, 
Steel Materials, Ine., Cincinnati, 
Ohio, is now works manager, Hunt 
Spiller Mfg. Co., Inc., Boston. 


{AYMOND E. 


Drexel Institute of Technology, 
Philadelphia, has introduced a new 
metallurgical 
engineering under the direction of 
Pror. A. W. Grosvenor &. An advi 


committee on metallurgical 


series of courses in 


sory 
engineering has also been appointed 
consisting of G. H. CLaMer @, presi- 
dent of the Ajax Metal Co.; WriLiam 
J. Diepentcus &, metallurgist, Auto- 
car Co.; Francis B. FoLey @, super- 
intendent of research, Midvale Co.; 
Crype B. JENNt @, metallurgist, 
General Steel Casting Corp.; and 
JosepH WINLocK @, chief metallur- 
gist, Edward G. Budd Mfg. Co. 





Several owners of Sentry Model “Y” 
Furnaces have enthusiastically told 
us this story. Too, they praise Sentry 
Diamond Blocks for maintaining the 
correct atmosphere to produce clean, 
scale-free, true-to-size high speed 
steel hardening. 


Sentry Furnaces waste no time in 
getting up to heat — waste no fuel — 
give off no fumes. Produce large 
quantities of uniformly heat treated 
work, quickly. Sentrys are especially 
adapted for all, molybdenum, tung- 
sten, cobalt high speed, and high 
carbon high chrome steels. 
Sizes and capacities to meet 
your requirements. 


Send for bulletin 1055-1A9 
prey OT 
The 


F xX §3 


Sen 


* 
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Water G. Patron 


; ea ww erly 
with Climax Molybde ., ¢ 
Michigan, is now Detroj litor : 


The lron Age. 







































GEORGE K. 


DREHI ® has 


resigned as 


vice-president jp 
charge of manufacturing | works 
manager of Ampco Metal c., Mil. 
waukee, to become vic: resident 
and general manager of ti Rogers 
Pattern & Foundry | Los 
Angeles. 
Ropert A. PETERSON @ has 
resigned as division superi tendent 
of hot mills for American Stee] & 


Wire Co., Cuyahoga Works, Cleve. 


land, to open his own hot mill cop 
sulting service. 
R. SMOLucHowsk! @&, former 


research physicist with the General 
Electric Co. in Schenectady, is now 
associate professor in the depart- 
ment of metallurgical engineering 
at Carnegie Institute of Technolog, 
and a member of the Metals 
Research Laboratory. 


Ropert C. Kinassury @ is : 
factory representative for Dodg 
Mfg. Corp., Mishawaka, Ind., cov 
ing southern California, Arizon 
New Mexico, Colorado and Utah 
with headquarters in Los Angeles 


Frep R. Sweet @ has bei 
appointed staff metallurgist of 
research and development divisi 
of New Mexico School of Mines 
Albuquerque. 


EpwIn W. OLsen @, forme 
with Campbell, Wyant & Cann 
Foundries, Muskegon, Mich., has 
been appointed foundry super! 


Engine C 


tendent at the Weber 
Kansas City, Mo. 


E_woop Cramer @ has taken the 
position of foundry manager for 
the Bolen Machine Works in Grand 


Junction, Colo. 


Cuanres T. Post @ has been 
transferred from regional news and 
technical editor, The lron Age, Ci 
cago, to manager of reader servic 
in the New York oflice. 


Frank G. Foorr @ is now ass 
ciate professor of metallurg) 
in the School of Mines of Columb 
University. 


Upon release from the Navy, 
Sypney M. Swarrz @ has become 
associated with the Naval Researeb 
Laboratory in Washington, D. © 
as an associate metallurgis! 


A. ZimmMeEnty @ has bees 


{ em 


Ray 
appointed spectrographic 
of a new laboratory of ¢ 
Steel Co., Pittsburg, Calif. 































} has 
Nt in 
Works 
~~» Mil- 
Sident 


LOgers 


Los 


; has 
‘ndent 
feel & 
Cleve. 


l con 


f 
a =I? ai 
a P) 
ah 1g 
Lubrication | ! (=) 





merly 
‘neral 
5 now 
Ppart- Skilled Labor 
‘eTing 
Ology 


Ctals 





‘\ For higher output, lower costs— 
strengthen this vital production link 


- with Gulf Quality Lubricants 





5 N your continuing effort to increase output and be obtained through modern petroleum science 
I reduce costs, don't overlook the importance of and lubrication practice. 

lubrication as a vital link in the production chain! There is a Gulf quality lubricant which will 

a Have you talked with a Gulf Lubrication Engi- insure minimum wear for every gear, bearing, 

Ree neer recently about the possibility of making and moving part in your plant—that will help 

further improvements in production efficiency vou improve production and reduce maintenance 

: through better selection and use of oils and costs! Call in a Gulf Lubrication Engineer today 

= greases? He is familiar with many recent develop- and ask him to recommend the oils and greases 

Chi ments, has had broad practical experience, and best suited to your needs. Write, wire, or phone 
vie can help you cash in on the many benefits that can your nearest Gulf office. 


Gulf Oil Corporation: Gulf Refining Company, Gulf Building, Pittsburgh, Pa. 
DIVISION SALES OFFICES: Boston * New York + Philadelphia + Atlanta + New Orleans + Houston + tovisville . Toledo 













INDUSTRIAL 


LUBRICATION More than 400 quality oils 
and greases for industry 
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“right cutting oils” “ o 
™S 


ad 


\ to good gear cutting 


Toucu STEELS, deep cuts, high 
finish requirements characterize 
most gear cutting operations. 
Tearing, scuffing and metal pickup are 
often serious machining problems to 





makers of gears. 

Wise gear manufacturers avoid these 
difficulties by specifying Stuart's high 
lubricity, high anti-weld type cutting oils 
for gear hobbing, shaping, generating, or 
finishing operations. 

Stuart Cutting Oils and Stuart Engineer- 
ing Service will help you produce 
better gears at lower cost. 





Write for: 
“Cutting Fluids for Better Machining’”’ 


p.A. Stuart Gil 


EsT.1e65 


CO. 


LimiTeo 





2743 SOUTH TROY STREET, CHICAGO 23, ILL. 


GF4EAEAGADG 


Stuart Oil Engineering Goes With Every Barrel 
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Personals 


Harry W. PETERSON ©, {ormerly 
with Arms-Franklin Corp.. Youngs. 
town, Ohio, is now deve! pment 
mechanical engineer with Ideal 
Roller & Mfg. Co., Chicago 


After serving as assistant chief 
metallurgist for eight years at Bel] 
& Howell, as chief metallurgist at 
Zenith Radio for three years, and 
assistant to factory manager aft 
Webster-Chicago Corp., James F. 
ENGLE @ has opened his own busi- 
ness known as the Westwood Water 
Distributing Co. 


DonaLp E. Tuomas @ is return- 
ing to Carnegie Institute of Tech- 
nology for graduate work in the 
department of metallurgy after four 
years in Naval Ordnance, latterly 
as metallurgist at the armor and 
projectile laboratory at the U. §S. 
Naval Proving Ground, Dahlgren, 
Va. 


C. L. Hispert ©, formerly 
employed by Hanlon & Wilson, 
Wilkinsburg, Pa., has returned to 
the West Coast as process engineer 
for the Consolidated Aircraft Corp. 
of San Diego. 


J. H. HoLLomon @ is now 
research metallurgist at General 
Electric Co., Schenectady, N., Y. 
Before leaving Watertown Arsenal 
he was promoted to the rank of 
major and awarded the Legion of 
Merit for his work at the Arsenal 
laboratory. 


Frank W. Faery @ has been 
appointed district manager of the 
Alloy Casting Co., Champaign, Ill. 
He was sales engineer for the Park 
Chemical Co. for 19 years, and dur- 
ing the four war years he operated 
and managed his own heat treating 
plant. 


OweEN E. Lentz @ is now with 
the Machine Screw Product Co. 
Wichita, Kan., as 2 consultant in 
metallurgical work and foreman of 
the heat treating department. 


Davis HuTcHINSON @ is now 
with Boeing Aircraft Co., Seattle, 
Wash., as an engineer in the special 
tools group of the service depart- 
ment. 


Compr. P. E. Pace @ has been 
transferred from officer in charge, 
metallurgical and testing section, 
U. S. Naval Gun Factory, Washing- 
ton, D .C., to administration inspec 
tion officer in the Office of Super: 
vising Inspector of Naval M iterial, 
Pittsburgh. 
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“SEA-GOING HACKS” 


attle develop strong loyalty, respect 
ven affection for fighting equipment which 
-shem through. The ingenuity of American 
ore “tooling the job” to win fighting men’s 
«has few better examples than the “Duck”, 
“whtious Truck. This famous duck, six 
11 x 18 tires, weighs 19,700 
is emf does 55 miles per hour on the 
ay and 7 miles in the water. It’s 30 feet 
1 8 feet wide. Ducks were set in the 
loaded from the decks of ships. 
ded ammunition on the run to hard- 
| beat They towed three or more 
{ timber for bridge construction and 
ed loads up to three times their capac- 
ias many as forty G.I.s with full equip- 
They will climb a 60% grade. 


hee} arive 


pty 


Ma 
hheads. 


| Motors working with eminent Marine 
ers developed the duck (it inflates and 


ts tires while in motion). Combat 
s. General Motors technicians, Coast 
en praised the Duck so _ glowingly 


the writer bought one, has driven it some 

) miles over the road and on the open sea. 

sea-going ship. When you drive it 

san hour on the highway, you are not 
buses, trucks or trolley cars. 


miniature version of the 
It too has all wheel drive, two power 
wer winch and automatic bilge pumps. 
5 miles on the highway, 6 miles afloat 
iles to the gallon of gas. It is more 


seayeeDp is a 


hy than most boats twice its size. The 
k will be outfitted as a yacht on wheels 
the Seajeep as a tender towed behind 


road. Ford built the Seajeep on the 
type chassis. 
have an order in for an amphibious plane, 
swell past its promised delivery date, 
‘pect to tie in amphibious activities. 


ny hundreds of years the only real 

eering practiced by man was boat building. 

g stones so they wouldn’t fall down was 

s compared to putting stuff together to 

the sea. Nothing devised by man is as 

ex as a battleship today. On one we 

1 recently there were over 600 items 

1 been heat treated with Q-Alloy and 

e equipment. These range from the pro- 

8, engines and parts on the scout planes 

il aboard through power plant equipment, 

hes, refrigeration equipment, power units, 

They include heat treated struc- 

members and G.A, “stainless’’ castings 
ps and portholes. 


NG gear trains. 


tese amphibians look like the pup’s pup’s pup 
ha “Battle-Wagon” but they represent a hunk 
engineering of which General Motors, Ford, 

s and their associates can well be proud. 





eneral Motors has a film entitled “Truck 

: which we understand you can get on 

cation to the Truck Division. It shames 
wor wi 

KITE RISES 

n E. Kite, formerly Asst. to Pres., has 

ret elected Vice-President of General Alloys 

iny in charge of Sales. His headquarters 
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JAP AIR CAMERA 


The Japs built aerial cameras too. Here's a 
view of Boston buildings shot from a Jap gunnery 
“Eastman 120” U.S 


at the drugstore 


camera which uses regular 
paper roll film like you buy 
It has interchangeable magazines, It’s mounted 
outside the plane to a wing or a gun mount and 
operated by remote control from the cockpit 


The focal length is 6” but we can’t read enough 


Japanese to dope out anything else. 








ENERAL ALLOYS COMPANY, “Oldest and Largest Exclusive Manufacturers of Heat 


id Corrosion Resistant Castings’’, solicits your inquiries for same. 405 W. First St., Boston, Mass. 


WARE THE Pa, 


THE QUALITY NAMES IN ALLOY 
FOR HEAT CORROSION ABRASION 
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YES, WE MAKE ALLOY CASTINGS 


The “hot spikes’’ associated with fra- 
ternal initiations, and rumored to line 
the corridors in the bureaucratic section 


of Hades, have a modern counterpart 
in’ this “porcupine” tray fixture with 
169 ‘‘quills’’ which permit uniform gas 
flow in carburizing, and insure uniform 
quenching. 


General Alloys designs complete furnace 
mechanisms and jet engine parts. We 
make the best cyanide and lead pots; 
in fact any high temperature or corrosion 
resisting job in Severe Service Alloy is 
mechanically, metallurgically engineered 
on a basis of unequalled experience 
and made by an organization devoted 
to complex alloy castings exclusively for 
more than twenty-seven years. We will 
welcome your next inquiry! 
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This six stage speed-heat furnace anneals 
I/, to 21/2 inch o.d. stainless steel tubing, 
having a wide range of wall thickness, 
at temperatures up to 2000° F. Placed 
right in the production line, the furnace an- 
neals and quenches in successive opera- 
tions without re-handling of work. 


The work is in a protective atmosphere; 
moves so fast that there is hardly time 
for scaling or other surface changes to 
occur. From cold tubing to quench, the 
heat cycle is a matter of seconds. Heat 
treatment throughout both cross-section 
and length attains a new order of uniform- 
ity and precision to hold metallurgical 
specifications exactly. 


Bars, rods, and special shapes as well as 
tubing can be hardened or annealed with 
improvements in both product and process 
that are often startling. 


Write to Selas engineers for information 
regarding application of continuous heat 
treating to your needs. 


CONTINUOUS 
HEAT TREATMENT 
. .. IMPROVES PRODUCT AND PROCESS 


SELAS CORPORATION OF AMERICA 


Personals 


C. E. HATHAway 6, | lerly 
chief metallurgist with \\ :ukeshs 
Foundry, Wis., and chemi proc- 


ess engineer with Globe | n Co.. 
Milwaukee, is now with nited 
States Rubber Co., Mishawak.» Ind., 
as chemical engineer in rubbe; 


development. 


After 17 years with the Bureay 
of Mines, in which he rose from 
chief engineer of the metallurgical 
division to assistant director, R. S. 
Dean @ is leaving Government 
service to re-enter private business. 
Dr. Dean will continue professional 
work in Washington, where he has 
commissions for research and 
development in electrometallurgy 
and alloys. 


Transferred by the Navy Depart- 
ment: Compr. R. H. Lampert 6, 
from officer in charge, metallurgical 
and testing section, U. S. Naval Gun 
Factory, to oflicer in charge, 
welding, casting and forging sec- 
tion of the Bureau of Ships, Wash 
ington, D. C. 


E. H. WHEELER @ has bee 
appointed factory representative 
for LaPlant-Choate Co., Ine., i 
charge of subcontracting work ir 
the Yuba Mfg. Co. plant in Benicia 
Calif. 

Reorganization of the Toc 
induction heating division of Ohi 
Crankshaft Co., Cleveland, involv 
appointment of Harry L. KeLLer § 
formerly automotive producti: 
engineer in charge of engineering 
standards at Buick Motors Corp., 4 
head of the new Tocco commercia 
engineering department. Harky | 
Osporn, Jr. &, formerly research 
and development engineer, has 
been promoted to sales manage 
of the Tocco division and Joun 1 
VAUGHN to research and develoj 
ment engineer. 


Promoted by Chrysler Corp. 
Epwarp H. Stitwet. @, to chief 
contact metallurgist for the Dodge 
main plant, Dodge Forge, and New- 
castle plants. 


Epwarp G. Martin @, former!) 
staff member and engineering con- 
sultant, radiation laboratory, Massa 
chusetts Institute of Technology, 
and Joun F. Hupsarp, recently o! 
U.S.N.R. and radiation laboratory 
announce the formation of the Mat 
tin-Hubbard Corp., Boston, ent! 
neering consultants for the desis 
and construction of scientife 


PHILA 34, PA instruments. 
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es New Kodak X-ray Fixer eliminates 
ash 
> 
need for two powders . . . is easy 
m to mix, quickly soluble : 
tive 
] 
hi 
ve 
8 4 you're a radiographer, you’re pretty sure to be ... it’s as simple to prepare as a liquid fixer... yet has 
| enthusiastic about this new formula developed the uniform high quality, the long life, low stain 
= in Kodak’s research laboratories. Here’s why ... potential, and low cost of the old multiple powders. 
: it gives you—in one powder—all the ingredients Available now in five-gallon and one-gallon sizes, 
vel necessary to fix and harden x-ray film. Kodak X-ray Fixer comes to you in cans which are 
Vas ...it simplifies your darkroom routine... saves you hermetically sealed but easy to open. Order this 
at the time and trouble of dissolving two powders single-powder fixer from your x-ray dealer—you'll 
separately ... then combining the two solutions. find it will make vour film processing easier. 
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It's sealed for safety... It’s easy to open... The powder flows freely .. 





EASTMAN KODAK COMPANY we 


X-RAY DIVISION . ROCHESTER 4, N. Y. 
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The Induction Heating Corporation Engineer | 


Talks to Mr. X on 


mee 
art 


NUIT | 


| . 
is Xa oe ae 


ent and Economical System for Induction Heating 
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BRAZING CARBIDE TOOL TIPS 


MR. X .... Speaking of brazing, can 
your THER-MONIC Induction Heat- 
ing unit help me braze tungsten car- 
bide tips to tool shanks and milling 
cutters? 


ENGINEER .... Yes, our THER- 
MONIC High-Frequency Induction 
Heating equipment provides a rapid 
and really dependable method for 
brazing carbide cutting tools. Tell me 
more about your cutting tools, Mr. X. 


MR. X .... My milling cutter has 
twelve carbide inserts. My %” x1” 
cutting tool has a single carbide tip 
mounted on a straight shank. I’ve 
tried both oxyacetylene torch and 
electric arc welding, but neither meth- 
od has given me the results I'd like to 
get. I d torch brazi unsatisfac- 
tory because the cost of the overall 
process, including aoe. rejects and 
excessive use of a has been high 
even with a highly ‘eilled operator. 
The carbide tips crack too easily un- 
der the application of heat by my 
present methods, furthermore, I'd 
sure = ge oy your suggestions on 
improving the brazing of my tools. 


ENGINEER ... . Because of the great 
an in coefficients of thermal 
xpansion between the tungsten car- 

e tip and the steel shank and be- 
pao of the fragility of the carbide, 
the - »—— of heat should be 
carefully controlled. Excessive, un- 
controlled torch heat results in shear- 
ing stresses = the tip and subsequent 
cracking of the carbide when the 
brazing alloy cools. This is due to the 
fact that the steel expands far more 
than the tungsten carbide when the 
tool is heated variation in ex- 
on is even more s when a 
ae attoy KI, h mel tem- 


is necessary 
ee ‘te use a brazi alloy o 
_ mel 


ha, h- 
uency induction hea eaters 
hon its use together th silver 
solder, having a low mel tempera- 
ture, ‘offers many advantages O over 
other methods of razing. 


MR, X .... That sounds interesting. 
Just how would you braze my carbide 
tool tips by induction heating? 


ENGINEER .... In induction brazing 
you simply place a shim of silver alloy 
between the tip and the shank after 
both surfaces have been cleaned and 
fluxed. Then position the joint area 
of the assembly in the induction heat- 
ing coil. The work coil is designed to 
— the carbide within a stronger 
agnetic field than the shank so that 
eir respective rates of temperature 
os meet at the flow temperature of 
the silver brazing alloy—around 1400° 
F. Push the start button and the tool 
tips are heated to brazing temperature 
in a few seconds. While the alloy is 
in the molten state, press the carbide 
tip firmly into place to secure a strong 
high-quality braze. You'll increase 
production and save considerably in 
man-hours by this process. 


MR. X .... You certainly have this 
induction brazing process down to a 
science. It seems to take the skill out 
of brazing. 


ENGINEER .... Yes, high-frequency 
induction heating is a valuable con- 
tribution to industry because it has 
removed the human element from the 
once highly specialized . ._—— of 
brazing. By preplacing t brazing 
alloy “and bringing the Ray and car- 
bide to brazing temperature without 
large temperature variations at differ- 
ent sections of the involved areas, the 
brazing of carbide tips to =: shanks 
and milling cutters has 

4 Fe * oe rs being 


Many i Mont wo is ave ina oy > 
- - e - 
duction Heating units solely for this 


Pp . Not only that, but because 
of its ability to eliminate the error 
from the b process, high-fre- 
quen —— eating has made it 
far mon le to braze tips into cutters i 
ar more ae des and so great 

the scope of carbide tipped 

po iting tools. 


INDUCTION HEATING CORPORATION 


THERMONIC 
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Personals 


RIcHArD L, 
Manhattan Project in Oa 
Tenn., to become a resear: assist- 
ant in metallurgy at Mass husetts 
Institute of Technology and to pur. 
sue studies leading to the doctor of 
science degree. 


Horr @ ha. icft the 


Ridge, 


BERNARD P. Faas @ has accepted 
a position as metallurgical engineer 
with the Woolridge Mfg. Co, 
Sunnyvale, Calif. 


CiypE WILLIAMS @, director of 
Battelle Memorial Institute, Colum- 
bus, Ohio, has been presented the 
honorary degree of doctor of sci- 
ence by the University of Utah, Sait 
Lake City. 


R. BuEcHTING @ has been pro- 
moted by Philadelphia Steel & Wire 
Corp. to general superintendent. 


While retaining his connection 
with Holcroft Co. of Detroit as con- 
sulting metallurgist, J. A. Dow 6 
has organized the Dow Furnace Co.. 
of which he is president, to build a 
noncompetitive line of batch-type 
heat treating furnaces. 


WALTER K. GRAHAM @ has been 
appointed executive administrator 
of a newly opened office of the A. 
O. Smith Corp., Milwaukee, i 
Atlanta, Ga., serving the states of 
Georgia, North and South Carolina, 
Florida, Alabama, Mississippi and 
Tennessee. 


Jackson Associates, manufactur 
ers’ representatives and engineers, 
with offices in Philadelphia, New 
York, Newark and Baltimore, 
announce that ArtHuR R. DiAMoND 
@ has joined their organization as 
special representative in Philadel- 
phia. 


Three district sales engineers 
have been appointed by the Timken 
Roller Bearing Co., Steel and Tube 
Division: SHERMAN R. Ly e @, for- 
merly in the Timken steel sales 
department, for the Cleveland dis- 
trict; Wimu1am Earte Bryben 6, 
formerly with Timken and during 
the war with the U.S.N.R., for the 
Chicago district; and ALFrep J. Kry- 
NUCAN @, formerly on active duty 
with the U. S. Navy, for the New 
York district. 


WittiaM J. Gamsie @ and bis 
son Ensign Rospert N. GAMBLE, 
recently released from active Nav) 
duty, announce their partnership 
as manufacturers’ representatives 
operating from Buffalo, N. Y under 
the name Gamble and Gam!)'e 
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PHOTO 
COURTESY OF 
Oamrsty 
INDUSTRIAL 
FURNACE CO 


SPRINGFIELD 
MASS. 






TAYLOR ZIRCON 
ell Industry 


Zircon Refractories have the peculiar 
property of not being readily ‘‘wet"’ by alu- 
minum metal, dross, or oxide. The true specific 
gravity of Taylor Zircon is 4.46, so any spalls 
or small particles of Zircon will not float in 
aluminum or the common alloys. The experi- 
ence of the past three years has shown con- 
clusively that Taylor Zircon brick hearths, 
bonded with our No. 701 Zircon Cement offer 
these advantages over hearths built of fire 






clay, super duty, high alumina or silicon- ZIRCON 701 
ae ' AIR SETTIN 
carbide brick: Wey CEMEN 4 


*Cleaner Metal 
*Increased Production 


*lLower Hearth Costs per ton of metal. 


PROPERTIES OF TAYLOR ZIRCON 
REFRACTORIES AND OTHER PER 
TINENT DATA ARE GIVEN IN 
BULLETIN No. 200. WRITE FOR 
YOUR COPY 


MANUFACTURERS OF REFRACTORIES CINCINNATI OHIO USA 





EXCLUSIVE CANADIAN REPRESENTATIVES: Refractories Engineering and Supplies, Ltd., Hamilton, Ontario, and Montreal, Quebec 
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Molten Stee! 


THE FURNACE Temperatures * 
OF MANY USES... DETAILED drawings are given 


for a quick immersion type of 
thermocouple which is sup 
° supported 
Dempsey designed and on an inclined arm, mounted like 
built with precise auto- a small jib crane on a buckstay 


matic controls providing near the center line of the open- 
extremely even heat hearth’s back wall, and hinged at 


distribution and correct the attachment so when in use the 
arm is perpendicular to the wall, 


temperature within the but when not in use it is swung 
work, and control of back against the bindings, out of 
heating and cooling cycles the way of the charging machine 
to eliminate warpage or and other operations. The thermo- 
distortion. couple wires are contained in a 


Car type furnace, over- and under-fired, for straight, rigid tube some 11 ft. long, 
quando, normalizing, stress relieving and Dempsey Car Type its outer end being carried by a 


general heat treating. . : : 

Furnaces are doing many slide running on the inclined arm. 
critical heat treating jobs in outstanding industries. the inner or lower end (when 
Send us your heat-treating problems — write, wire or phone — retracted) resting on a roller near 


A : the buckstay attachment. A suit- 
there is a Dempsey representative near you. - th ; _ 
pay Oy y ably inclined hole is opened 


Write for Bulletin 3-5 through the furnace wall so the 
’ ; thermocouple assembly can be run 
FURNACES: Oil-Gas-Electric-“TAILORED” by DEMPSEY forward and downward until its 
Meet every Heat Treating Need lower end is immersed about 9 in. 
into the steel bath at a_ position 
about midway between the back 
Hilal INDUSTRIAL FURNACE CORP wall and the center of the furnace 
} ‘ These in-and-out motions are con- 
trolled by counterweight and hand 
lever so they are easily manipu- 
lated by a single workman. 
The pyrometer is of platinum 
wire, threaded through pipe stem 


insulators contained in %-in. iron 
pipe and this in turn is surrounded 
by a ?ti-in. o.d. heat resisting steel 
tube. The fire end of this outer 


= tube is threaded and flanged. 

P oe 8) r A N E - B U T A a | b Against the flange abuts a series of 
graphite protective sleeves 1% in. 
fo ra 0.d.; joints between the sleeves are 
sealed with plumbago paste, and 


against the upper end presses a 
U AN D A N 0 N E U S ES compression spring, held by sleeve 
and set screw, to allow for thermal 
Are you familiar with the ANNEALING BRAZING expansion. a 
Over the threaded hot end o 
; DRAWING ENAMELING : : 

thousand and one industrial the protection tube is screwed a 

uses for Propane and Butane? FORGING GCALVAINEING steel block, 6 in. long and 1% 
Investigate the advantage of REREAD Saves o.d., drilled centrally to pass the 
HARDENING TINNING pipe stems and thermocouple wires, 


these low-cost. high-purity. sana veen nencaTunes and counterbored to hold a tapered 


gaseous fuels. The broad (Non-ferrous) nee plug made of a mixture of graphite 
experience and engineering SOLDERING amie and clay. This plug “er a bare 
evanmoine RELIEVING silica sheath, protruding about 2% 

in., which contains the twisted 
Cores rs ends of the platinum wires. A thin 
—- FLAME CONTROLLED i l heres to the steel 
to you. Your inquiries are HARDENING ATMOSPHERES anemng + anes 7 nee 
invited. plug as it dips into the furnace 
SONBERIZING bath and protects the plug as long 


as it is necessary (Cont. on p. 506 


WARREN PETROLEUM CORPORATION *“Improvement in Design of 


Immersion Pyrometers for Liquid Steel 
TULSA, OKLAHOMA Temperatures”, by D. Manterfield and 

Detroit Mobile re) Houston J. R. Thurston, advance copy of paper 
for Iron & Steel Institute, June, 1%6 








service of Warren's trained 
organization are available 
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on 70/30 CuNi- pow Phos-Bronze 
| Bf NICUEND MONEND | BRONZEND Pp SRONZEND E 


Electrodes with spray type , Electrodes for depositing 
arc for depositing Cupro- Electrodes with spray type Electrodes for depositing corrosion resisting bronze 


Nickel alloy weld metal arc for depositing a Monel highest quality Phos- 
nd commonly ~vn as 70/30, Weld metal. Bronze weld metal. weld metal. 


pve *While these electrodes are used for welding base metals of o similar analysis, they may also be used for special 
applications when the base metal or metols ore different. Contoct your distributor for specific 


of WHEN SO MUCH DEPENDS ON SO LITTLE f= ... BE SURE, USE ARCOS 








Cc 
ed f, : IR 
ite ARCOS CORPORATION + 306 GULF BUILDING, PHILA. 2, PA. 
ire . ° ° ° ° ° 
“ Your Arcos Distributor is well informed. Your Arcos Distributor has Stock. 
NEW ENGLAND AND N. Y. CITY New Orteans, La..... . The Gulf Welding Equipment Co Totede 2. Ohie Williams 
e ¢ Martfora 2 = Oklahoma City, Okla. Hart Industrial Supply Co Wichita, Kansas 
Conn. wee Arcos Corp " - : . Mart Industrial Supply Co 
in MIDDLE ATLANTIC " * Arizona Welding Eqpt. Co WEST COAST 
Bun * . Arizona Welding Eqpt. Co 
‘ 5] alo. NM. Y¥. R séaeeee . Root. Neal & Co. ° Mart Industrial Supply Co Bakersfield, Calif. Victor Equipment Co 
Pe Erie, Penna, ae ..Boyd Welding Co. Fresno, Calit. Victor Equipment 
- Mew York. NM. Y. A Cc Martforda c Los Angetes, Calif. Victor Equipment (« 
ce mew Jersey eS cab, tee. 6. Se. MIDDLE WEST Portiand, Ore. 1. K. Haseltine & Co 
adeipnia, Pa. . asevee Arcos Corporation . . San Diego, Calif. Victor Equipment Co 
ng Pittsburch, Pa... ee a aoe Chicago, tt. ... Machinery & Welder Corp Gen Geanstene, Gatit Victor Reuiament Co 
f Rochester, N. Y.. Welding Supply Co. Cincinnati, Onie °° Williams & Co., Inc Seattic, Wash. 1. KE. Haseltine & ¢ 
6 Syracuse, N.Y. Welding Supply Co Cleveland, Ohio Williams & Co., Inc Spokane, Wash.  Stenattine & Co 
; ‘ aaa , Columbus, Onioc . -- Williams & Co., Inc Tacoma, Wash. J. E. Haseltine & Ce 
SOUTH Detroit, Michigan : Cc. E. Philips & Co., Inc 
of Atlant» ond SOUTHWEST Ft. Wayné, tnd. Wayne Welding Sup Co. Inc FOREIGN 
eel Georgia. .J. M. Tull Metal & Supply Co.. Inc. indianapolis 2, Ind. . .Sutton-Garten Co 
Rouge 17, La.... .. .Lourstana Weiding Co. > Honolulu, Mawali Hawaiian Gas Products, Lid 
at Texas Kansas City, Mo. ...Welders Supply & Repair C« aeomhnen . &. me val . tone . 
nd roll : Hart Industrial Supply Co. Milwaukee, Wis. Machinery & Welder Corp onterrey, M. L. Mexice. . Electrodos Monterrey. § A 
au Texas... Champion Rivet Co. of Texas Minegapelis, Minn. Machinery & Welder Corp Montreal, Canada. G. D Peters 4 (o. of Canada, Lid 
yer MESpert, Tenn, . . .Siip-Not Belting Corp Moline, it Machinery & Weider Corp Chile. Bolivia, Peru Ww. R. Grace Company 
46 inemvitie, Tomm... 22... cece Siip-Not Belting Corp. St. Lowis, Mo. _ Machinery & Welder Corp San Jose. Costa Rica, A. Cc Distritbuidora S. A 
Industrial Supply Co. St. Peal, Minn. Machinery and Welder Corp San Juan 6, Puerto Rice Frank fh wn & Associates Ir 
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Making hardness testers 
is a full-time job... 


Either a hardness tester is dependably accurate 
or it is worse than useless. 


For that reason it is important to you that 
Wilson has made nothing but hardness testers for 
the past 25 years — that over 35,000 of them 
have been made — that "ROCKWELL" Testers are in 
use throughout the world for specification 
purposes, checking materials and testing parts. 
The durability of their accuracy has made 
"ROCKWELL" Hardness a universally accepted 
standard. 

By concentrating on the job of making better 
hardness testers, we have been able to incor— 
porate improvements every year. Thus we can 
truthfully say that the new "ROCKWELL" Tester 
offered you today is the best "ROCKWELL" 
Hardness,.Tester ever made. 


WILSON MECHANICAL INSTRUMENT CO., INC. 


AN ASS CIATE ¢ MPAN ij MER ¥ HAIN A ASLE MPAWNY 


367 CONCORD AVE., NEW YORK 54, N. Y. 
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Steel Tempera: ures 


(Cont. from p. 504) to take ‘ye tem- 
perature. Steel plugs ha been 
used for 750 immersions; they are 
better than carbon end protection 
plugs because the latter produce g 
little CO when hot, which embrit. 
tles the pyrometer wires. 

The outer or upper end of the 
heat resisting steel tube is screwed 
into a terminal box within which 
are made the necessary connections 
to jacks or terminals for quick 
attachment for potentiometer or 
other temperature’ indicating 
device. 


Machinability 


DAY-LONG conference on 

machinability was held by the 
British Institution of Mechanical 
Engineers in May, in which 14 
papers were presented. They were 
divided into four main headings 
(physical basis, testing methods, 
cutting conditions, economics of 
production) and the extensive dis- 
cussion reported in four issues of 
Engineering starting June 7. 

The lack of an acceptable defi- 
nition of “machinability” was 
mentioned frequently. Cogent argu- 
ments were advanced for the idea 
that “machinability” should apply 
to the material being cut, and 
exclude factors having to do with 
the tool, lubricant and nature of 
the operation. This would require 
a standardized tool and one of dia- 
mond or carbide practically imper- 
vious to wear, at least resistant 
enough that its shape and sharp- 
ness would not change during the 
test. Such a course, would, of 
course, render obsolete the oft-used 
test for machinability which refers 
it to the life of the tool to break- 
down, or another criterion that 
attempts to relate machinability to 
the power consumption of the 
machine tool. Many references to 
the friction between chip and tool 
(rather than the temperature 
reached at the tool tip) indicated 
that this criterion was thought to 
be a valid measure of the machin- 
ability of metal, but it was also 
pointed out that on the one hand 
uniform supply of cutting fluid to 
the working point of the tool would 
be hard to insure because it 3 
doubtful even that any gap exists 
there, while on the other hand dry 
cutting would be so different 
nature from most machine shop 
operations that dry tests had doubt- 
ful value. (Continued on page 508 
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LET -@cx DO THE WORK OF COOLING 


@® The NIAGARA AERO HEAT EXCHANGER 
makes the atmospheric air take up the heat you 
want to remove from power equipment or industrial 
process. It is done by the evaporation of a small 
amount of water, removing 1000 BTU for every 
pound of water evaporated. With this method it is 
also easy to control temperatures closely... to as- 
sure accuracy in process results... speeding up 
production at lower cost. 

Well designed and built to last, NIAGARA 
AERO HEAT EXCHANGERS have made an ex- 
cellent record for reliability in service and freedom 
from maintenance trouble and expense. 


Ask for Bulletin No. 96-MP 


NIAGARA BLOWER COMPANY 


Over 30 Years of Service in Industrial Air Engineering 
{05 Lexington Ave. New York 17, N.Y. 
Field Engineering Offices in Principal Cities 


. 


INDUSTRIAL COOLING S) elaiaiaa ® DRYING 


NIAGARA 


HUMIDIFYING @ AIR ENGINEERING EQUIPMENT 
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Machinabiliiy 


(Continued from page 506) 

An interesting suggestion was 
that the lead particles in leadeg 
brass or steel was an interial lubri. 
cant, and during cutting was 
smeared out in a layer a few atoms 
thick along the rubbing surface 
and so the same inherent proper- 
ties of lead were utilized ip 
machining as in the antifriction 
properties of lead bearings. This 
theory was also extended to the 
possibility that high sulphur com. 
pounds in machinable metal acted 
much as did sulphurized cutting 
compounds. According to the 
American investigators Ernst and 
Merchant (who, by the way, were 
continuously quoted in Engineer. 
ing’s report) the active sulphur 
reacts with the nascent clean sur- 
face as it is laid bare at the instant 
of cutting, and forms sulphides 
under the conditions of pressure 
and temperature present, and these 
sulphides reduce the adhesion o 
tool to chip. 

W. B. Wragge, long a student of 
the problem of machinability as 
concerns the material being cut 
said that in his experience any one 
of a dozen techniques that had 
received attention in the past 20 
years would (if properly con- 
ducted and interpreted) be used to 
assess the result of changing any 
one of a dozen conditions — within 
rather narrow limits. None of 
them, however, had sufficient gen- 
erality. A recently proposed cri- 
terion for machinability is the 
“plasticity ratio” derived from a 
simple test where the true stress is 
plotted against the true strain 
However, a comparison of over 100 
recorded determinations of machin- 
ability by other currently popular 
methods showed only a very gen- 
eral relationship. In his opinion 
the “plasticity ratio” must be sup 
plemented or modified by a value 
representing the abrasive effect of 
inclusions. A simple stress-strain 
curve and a turning test wherein 
the temperature of the tip } 
recorded should give the necessar) 
data for derivation of such a cri 
terion. 

Other speakers believed a sit 
gle index of machinability related 
to the material was elusive, becaus¢ 
of variability in the reaction of 3 
single metal in different machining 
operations. For example, a com 
pletely spheroidized steel was bes! 
for machining and finishing balls 
but this same steel sawed ane 
drilled better if (Cont. on »». 510 
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@ The operator of this traveling resistance- 


welder at the Pullman Standard Car Manu- 


facturing Co., gets consistent welds automatically 


Equipped with a G-E electronic current regulator and 
synchronous control, this resistance welding machine 
travels the length of the Pullman car producing uniform 
welds automatically. Each of these welds is of equal 
strength because the current regulator automatically 
cumpensates for varying line voltage and secondary 
circuit impedance. 

In welding these cars, two spot welds are made at a 
time, the spacing between the two varying in accordance 
with the dimensions of the parts and the strength speci 
fications. As the spacing varies, the length of the second- 
ary circuit changes, and in turn the current is changed. 

Where formerly this shift meant frequent readjust- 
ments by the operator, guided by an extensive table of 
machine settings, now just one of two settings is needed, 
depending on whether the machine is welding Cor-Ten 
or stainless steel; the current regulator does the rest. 

This regulator holds current within plus or minus 
2 per-cent of normal, whereas, the unregulated current 
might vary as much as plus or minus 20 per-cent. 

Even when space is uniform, current is affected by 
varying amount of magnetic material in current loop. 


IMPROVES QUALITY 


In this, and other applications such as welding pro 
peller blades, metal barrels, etc., this regulator pro 
vides uniform quality welds when more or less metal is 
introduced in the welder throat. 


FLEXIBLE OPERATION 


The same settings can be used when operating a 
press-type spot welder, a gun welder connected to the 
same transformer, or when welding magnetic materials 
with a press-or gun-type welder. 

The current regulator is specially designed for use 
with G-E electronic resistance welding controls which 
include heat control by the phase-shift method. 

For additional information ask our nearest local office 
for Bulletin GEA-4220. Apparatus Department, General 
Electric Company, Schenectady 5, N.Y. 


GENERAL ‘% ELECTRIC 
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A 2000 pound Pressure-Tight 
High Alloy Casting Assembly 


op 


Statically Cast 


Centrifugally 
Cast Tubes 


This is the “coil” of a special heat 
exchanger alloyed and cast for a 
large company in the Rocky Moun- 
tain area. It's an excellent example 
of the kind of work our metallurg- 
ists and foundrymen are capable 
of turning out. 


Backed by 25 years’ experience with high alloy 
static castings and 16 years with centrifugal cast- 
ings, we are in a position to produce any chrome- 
iron or chrome-nickel casting within the range of 
our electric furnace capacity—namely, about 4 tons 
for any one pour. We have an X-ray testing ma- 
chine. We can finish the casting to any degree 
desired. 


Write us about your problem, Send us drawings 
for a quotation. 


THE UURALU! COMPANY 


a , 


4 2 A 


8-DU-2 
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Machinabiliiy 


(From p. 508) the mic: ructure 
retained a little pearlite. | ikewise 
a tough continuous chip which was 
desirable for turning Operations 
would tend to fill and seize the 
flutes of a drill or lodge between 
saw teeth. Again, two differen; 
types of steel heat treated to very 
similar physical properties and 
microstructure could produce 
about the same tool wear when cut 
under identical conditions but 
have a very different quality of 
surface —the mean depth of irreg- 
ularities being on the order of 2 
to 1. 


Materials 
for Jet Engines 


N A PAIR of articles in The Iron 

Age for July 25 and Aug. 1 enti- 
tled “Metallurgical Development o' 
Materials for Turbosuperchargers 
and Aircraft Gas Turbines”, W. L. 
Badger, who is in charge of the 
metallurgical section of Genera! 
Electric’s laboratory at Lynn, Mass., 
noted that the temperature require- 
ments of the wheels and buckets in 
the modern supercharger are more 
severe than in the gas turbine for 
aircraft (1500° F. in leaded gas 
engine exhaust versus 1350° F. in 
lead-free gases) but the sizes ar 
much greater in the gas turbine (a 
10-in. wheel made from a 35 lb 
forging versus a 30-in. wheel weigh- 
ing 400 Ib.). He also notes that 
American engineers have had about 
28 years to develop the supe! 
charger, whereas they began work 
on the turbojet units less than five 
years ago. 

In the nearly 30 years of devel 
opment the supercharger wheels 
were made of S.A.E. 2335, S.AE 
6150, Silerome No. 1, 17-W (12 Cr 
19 Ni, 2% W, 1.@ Mo), vCb (1d 
Cr, 25 Ni, 4 Mo, 1 Si, 2 Cb) and 
16-25-6* which is the present alloy. 
Stresses at the rim demand a high 
rupture strength at 1300° F.; at the 
center the temperature is 600° F. 
and the yield strength must be 2 
least 80,000 psi. Forgeabilit) 
machinability and weldability ar 
required. Buckets are chose! 
largely on rupture strength a 
1500° F. Difficulty with machining 
the forgings has led to the use ©! 
precision castings (they weigh 
about 0.02 lb. each). (To vp. 512 

*See Metal Progress, July 1946, page 
107 e.s., for properties of this a: other 
alloys mentioned. 
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September, 1946; Page 511 








“Falls Brand ai Alloys om 


“FALLS” No. 21 
MANGANESE BRONZE HARDENER 


Manganese Bronze with maximum physical prop- 
erties can be produced at low cost through the 
use of “FALLS” NO. 21 MANGANESE 
BRONZE HARDENER. 


Complete details are available in a special bulletin. 


Write for it today. 


NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


America's Largest Producers of Alloys 


BUFFALO 17, NEW YORK 




















ROTATING BEAM TESTING 





This Krouse Repeated Stress Testing Machine is of the cantilever 
rotating beam type. It operates to 12,000 rpm with a load of 
zero to 140 in. lbs. Standard collets for 14”, 34” and 14” dia. 
specimens. Wire and tubing, and corrosion adapters available. 
Write for bulletin P-46-A. 


Other Krouse Machines are — 
Large Repeated Bending—over 200,000 in. lbs. 
Direct Stress—From 5000 - 200,000 Ibs. load. 
High Temperature— 1800°F— 12,000 rpm. 


Laboratory Service. 


KROUSE TESTING MACHINE COMPANY 
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Jet Engin. 8 


(Cont. from p. 510) — Bucket Mate. 
rials used in succession during the 
development have been S.\.E, 6149 
Silcrome No. 1, KE-965 (13 Cr, 13 
Ni, 3 W, 1% Si), 17-W and Vital. 
lium. Buckets are welded to wheels 
with KA-2 S§ (Mo) weld rod. 

The first nozzleboxes on turbo. 
superchargers were made of calo. 
rized steel sheet, next of nicke! 
plated sheet, then a weldable 
Ni-Cr-Mo austenitic steel sheet, Dig. 
phragms are now centrifugally cast 
to size of a 25 Cr, 20 Ni, 1% 5) 
alloy. Cooling caps are of stabilized 
18-8 stainless. 

Permanent mold casings for the 
blower end were first made of 
Al-Si-Mg alloy but to improve the 
machinability the alloy was 
changed to Al-Cu-Si-Mg (Alloy 
35S). The impeller requires light 
weight, high bursting speed, low 
stretch at tip speed in excess of 
2000 ft. per sec., high endurance 
limit, ability to redistribute loc:- 
ized stress, machinability, high 
stress-rupture properties, freedom 
from stress-corrosion and good 
forgeability —truly a formidable 
combination. Alloy 25S-T has been 
used for impellers since 1927 and 
has given satisfactory life in air- 
craft service. 

Turbojets — Bucket wheels in 
the large units are a composite of 
S.A.E. 4340 for shaft and center 
and 16-25-6 for the wheel rim, the 
two flash welded together, or 
fusion welded with 29-9 Cr-Ni weld 
rod. The assembly is then strain 
relieved below the tempering tem- 
perature of the 4340. Inspection 
includes X-rays and superson 
waves for internal cracks and Zy¢! 
for surface checks. 

Buckets for the smaller sizes of 
wheels are made of spheroidized 
Hastelloy B (65 Ni, 28 Mo, 6 Fe. 
0.35 V, 0.75 Mn, 0.75 Si) and of 
as-cast Vitallium (65 Co, 27 Cr, » 
Mo, 2 Ni, 1 Fe) for the larger 
wheels. These “large” (0.85 lb 
castings are subject to large an¢ 
variable grain size and chrom 
oxide inclusions, both of which are 
thought to have caused some fatigue 
failures. Fatigue is a matter 
more concern than stress-rupture 
or corrosion resistance in buckels 
on the large wheels (working 
temperature 1350° F.). 

Sheet metal parts in gas 
bines (except liners) are made y 
welded stainless steel Type 34 
Some diaphragms have been fabri- 
cated of 25-20 drop forged blades 
welded to a (Cont. on p. 514 
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SIMPLIFY 


SALT BATH HARDENING 
OF HIGH SPEED STEEL 


ONLY 





Maximum flexibility—minimum confusion 

‘Reduce bath contamination in High Heat and Quench 

‘Reduce volatilization from High Heat Bath 

Prevent decarburization eReduce inventories and simplify purchasing 
Our technical service representatives will welcome the 


opportunity to assist you in solving your heat treating 


problems. 
Write or phone us for data sheets descriptive of salt 


bath hardening of High Speed Steel. 


*Trademark 


When Performance Counts... Call on Cyanamid 


AMERICAN vw Gyanamid oe gi 


ROCKEFELLER PLAZA, NEW YORK 20, W. Y. 








DISTR:(T OFFICES: Boston, Mass. « Philedelphic, Pa. - Baltimore, Md. + Charlotte, n. C + Geveland, Ohio + Chicago, Ill. + Kelamazoo, Mich. + St. Lowis, Mo. + Azusa, Calif. 
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ANNOUNCEMENT 


TR 


TO AUTOMOTIVE, REFRIGERATOR, 
AIR CONDITIONING AND OTHER 
METAL WORKING INDUSTRIES 
THAT DEMAND A QUALITY FINISH 





THE 
AMERICAN CHEMICAL PAINT COMPANY 


is back in the 
Rust-Proofing Business ...TO STAY! 


Since 1914 ACP has pioneered in rust prevention and other metal 
working chemical problems. DEOXIDINE—the original phos- 
phoric acid metal cleaner and rust removing conditioner has been 
credited with saving the then infant automobile industry, by mak- 
ing possible a durable paint finish on steel bodies. 


Today the manufacturer who demands quality and durability may 
further improve his product by the use of phosphate bonding 
coatings to protect both the lustrous paint finish and the metal as 
well. Many of the most effective and economical phosphate coat- 
ing processes — so widely used in industry today — were devel- 
oped in the ACP laboratories. In 1940, however, circumstances 
forced ACP out of the phosphate coating field. 


ACP is now in position to exploit and develop further its patented 
ACP COLD SPRAY-GRANODINE (peroxide-zinc phosphate) coat- 
ing process. Already many of our former customers have re- 
adopted it, and more are planning to change in the near future 
to get the savings of this low temperature process that produces 
a hard zinc phosphate bonding coating on which the highest 
paint luster can be obtained. It protects the lustrous beauty of the 
paint finish — and the metal as well. A GRANODIZED product 
gives assurance of the quality of the paint finish. 


Another ACP product—THERMOIL-GRANODINE— is again 
available to produce wear resistant phosphate coatings on fric- 
tion bearing surfaces. 

Quality products that are ““GRANODIZED" with ACP COLD 
SPRAY-GRANODINE; ‘‘DURIDIZED"’ with ACP DURIDINE 2108; or 
“CROMODIZED" with ACP CROMODINE are Certified for 
Rust Resistance 


—_ CHEMICAL PAINT COMPANY 


AMBLER, PA. 





6335 PALMER AVE. E., DETROIT « WALKERVILLE, ONTARIO 
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Jet Engin: 


(Starts p. 510) punched er and 
outer ring assembly. ©. »bustion 
chamber liners are lik to ™ 
corroded by lead compov ids from 


high octane gasoline used CCasion- 
ally for fuel; materials for this are 
Inconel or 25-20 with 2% Si. Design 
insuring uniform heating is quite 
as effective as expensive use of 
strategic alloys in licking difficyy 
problems in this equipment, 

Radial flow compressors require 
impellers whose tip speed js 
approximately 50% higher than the 
speed of sound. They are machined 
from 25S-T aluminum alloy forg. 
ings, the largest forging Weighing 
900 lb. Compressor casings and 
accessories are made of Dowmetal 
C and H magnesium castings (Ay 
260 and AM 265), solution heated 
and stabilized at 500° F. to avoid 
minor distortion by service ten 
peratures and loads. 


Brittle Ships * 


REAK-UP of the tanker Schene 

tady in 1943, an American all- 
welded ship, while tied up in a 
fitting basin, led to a careful study 
of the methods of design and con- 
struction of welded merchant ves- 
sels by the British Admiralty, 
although English shipbuilders used 
welding to a far less extent than 
Americans, and the trouble with 
ship’s hulls built in wartime were 
far less serious. It was supposed 
that reliance on more conventional 
methods of construction (use of a 
considerable number of riveted 
seams) and reliance on more 
skilled personnel would avoid trot- 
ble, but these early expectations 
have now been discounted. Full 
interchange of information with 
American investigators has been of 
great help. 

It should be said at the outset! 
that the ships that got into trouble 
(10 welded ships are known t 
have broken in two due to causes 
other than war, collision or strand- 
ing, as well as more numerous fail- 
ures of less than disastrous extent) 
were built of steel which with ver) 
rare exceptions passed the specifi- 
cations thoroughly satisfactory for 


riveted hulls, and (Cont. on p. 516 


*From “The Work of the Admiralty 
Ship Welding Committee”, by A. 1 
Clark and G. M. Boyd, paper read 
before the British Institution of Naval 
Architects and reprinted in Engineer” 
ing for May 31 and June 7, 1946, pase 
509 and 549. 
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YOU SOLVE 4 PROBLEMS 


when you switch to 
INCONEL’ THERMOCOUPL 
PROTECTION TUBES 


es . : ee 


HIGH TEMPERATURES! 


Inconel is thermally durable. Hundreds of high- 
temperature applications in many fields have 
demonstrated the heat resistance of this 80% 
Nickei— 14% Chromium alloy. You can use 
Inconel thermocouple protection tubes up to 
2200 F. in sulfur-free atmospheres. 


And at any temperature, you'll find the thinner 
walls of close-grained Inconel tubes a big help 
where you need quick, accurate response to tem- 
perature changes. 


MECHANICAL SHOCK! 


Inconel is strong and tough. And, it maintains its 
strength and toughness at high temperatures. In 
many jobs (for example, forging furnaces ), ther- 
mocouple protection tubes have to take bumps 
and jolts during charging and discharging. These 
are the jobs where use of Inconel pays an extra 
dividend. As a matter of fact, its high hot-strength 
frequently makes Inconel the choice even where 
excessive corrosion or high temperature is not a 
problem. 





CORROSION! 


Inconel is corrosion-resisting. Because Inconel 
combines unmatched thermal endurance with all- 
‘round corrosion resistance, you can use Inconel 
protection tubes to guard thermocouples against 
chemical attack by carburizing vapors and gases 
...nitriding atmospheres... hydrogen-nitrogen 
atmospheres . . . fused salt baths. 


The greater impermeability of seamiess, drawn 
Inconel tubes also means better protection of 
thermocouples from harmful gases. 


REDUCING AND OXIDIZING ATMOSPHERES! 


Inconel has met the problem created by increased 
use of reducing atmospheres in bright annealing, 
nitriding, oxide reduction, and similar operations. 
Inconel gives long service in these processes be- 
cause it resists the embrittling effects of hydrogen- 
nitrogen atmospheres. 


Or if your operation is carried out in an oxidizing 
atmosphere, you can count on Inconel tubes here, 
too. For Inconel resists scaling ... even at high 
heat. 


Prevent operating interruptions caused by thermocouple protection 


tubes that can’t “take it.” 


Standardize on Inconel tubes wherever possible! For most jobs their 
longer life makes the cost actually less than the tubes you are now using. 

Seamless, drawn Inconel protection tubes, with one end closed and 
the other end threaded, are available in standard IPS diameters. Your 
regular supplier or instrument manufacturer can furnish any size or 
length with either standard or extra-heavy wall thickness. 


*Reg. U8. Pat. OF 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York 5, N.Y. 


(80 NICKEL - 14 CHROMIUM) 


/ iM CON F Z - for long life at high temperatures 
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the contact pyrometer for quick, 
accurate surface temperatures 


Designed to meet foundry and industrial plant needs, this all- 
purpose surface temperature pyrometer provides readings in a 
few seconds of molten metals, liquids, bulk materials, and flat 
or curved, stationary or moving surfaces. The rugged, shock- 
resisting pyrometer movement may be used with any of eight 
standard thermocouples, interchangeable without adjustment 
or re-calibration. Choice of rigid or flexible arms. Built in 
several standard scale ranges, 0-300 to 0-1200 F. Write for bulle- 


tin with complete description. 


ILLINOIS TESTING LABORATORIES, INC 


420 N. LA SALLE STREET « CHICAGO 10, ILLINOIS 
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Brittle Shi) - 


(From p. 514) that the: 1S No 
reduction in sections in t] elded 
designs. It should be rem, ered, 
however, that ship steel Cifica- 
tions call for tensile and bed tests. 
Metallurgists now agree that the 
welding procedure does not change 
the inherent properties of the stee) 
since most of the fractures pro. 
gressed as if the welds did not exist. 
However, a fairly common charac. 
teristic of the samples taken from 
fractured plate is “notch brittle. 
ness” at temperatures well within 
the service range, whereas prewar 
ship steel made in England _ nor- 
mally retains its toughness, even 
when notched, to temperatures 
rarely encountered in the service 
life of a ship. In spite of much 
study, the steelmaking conditions 
responsible for the two varieties of 
plate (of indistinguishable chem- 
istry) are yet unknown; likewise 
there is as yet no agreement as to 
a simple routine test by which 
notch brittleness can be assessed. 
There is much to be said for 
the view that brittleness in a rigid 
structure, like an all-welded ship, 
is due to locked-up or residual 
stresses known to be induced by 
welding. It has proven very diff- 
cult to evaluate these stresses. Two 
methods have been used — one, the 
attachment of strain gages, the 
trepanning of the plate under the 
attachment, and recording changes 
in dimension of the freed plug, and 
two, the measurement of atomic 
spacing by X-ray diffraction meth- 
ods. The first mentioned is far 
more accurate; both suffer from the 
fact that they give little informa- 
tion about strains over the yield 
point. As a result of such studies, 
however, it may be concluded that 
locked-up stresses cannot be 
avoided by any trick combination 
of welding procedure, sequence or 
restraint. Other information con- 
vinced the authors that if both base 
material and weld behave in a 
normal ductile manner, locked-up 
stresses due to welding do nol 
impair the strength of structures. 
While good workmanship by 
welders is as important as by an) 
other artisan, the authors are of the 
opinion that weld defects are not 
the culprit. Weld defects which 
have been found associated with 
fractures are usually too small to 
account for the suddenness and 
extensiveness of the failures. Like- 
wise riveted ships have re! ained 
in satisfactory service with quite 
large cracks in (Cont. on ;. 518 
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oye OF A SERIES OF STORIES ABOUT ALLOYING METALS... WHERE THEY COME FROM AND HOW THEY ARE USED 








veapons used by prehistoric man. These 
were made of flint, which is almost pure 

ica, and in silica many centuries later 
the Swedish chemist Berzelius discovered 
the element silicon. He produced the 
world’s first ferrosilicon in 1810. 























From about 0.20 to 1.50 per cent silicon 
goes into many structural steels—such 
as those used for highly stressed parts 
of bridges. In larger percentage, some- 
times as much as 17 per cent, silicon 
equips cast irons to handle highly corro- 
sive acids in chemical plants. Silicon 
also serves as a softener in cast iron. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 
New York 17, N. Y. 


30 East 42nd Street 


UCC 


ELECTROMET Ferro-Alloys and Metals are sold by Electro Metal- 
lurgical Sales Corporation, and Electro Metallurgical Company 
of Canada, Limited, Welland, Ontario. 


“Earth former” is what silicon has been 
called, for it is present in most all rocks. 
clays, soils, and even many semi 
precious stones. More than one fourth 
the earth’s crust is silicon—the most 
abundant element, next to oxygen. 
Electromet digs into mountain after 


mountain for high-quality silicon ore. 





The heart of the mysterious trans- 
former is made of steel containing 
silicon. Silicon is essential in sheet steel 
for electromagnets, generators, and other 
electrical apparatus because of the 
special magnetic and electrical proper- 
ties it imparts to the steel. It has brought 
about tremendous power savings. 


THE STORY OF SILICON 





Silicon does a “clean-up job”’ in iron and 
steel production, serving as both scav 
enger and deoxidizer. From the molten 
bath it removes harmful oxides and 
gases. Silicon is used for refining practi 
cally all alloy steels and many grades of 
carbon steel. It is second only to man 


ganese in its usefulness in steelmaking. 


Cream Of The Crop 


Electromet's interest in silicon dates 
back almost 50 years, for in 
1898 the broad patent claims of 
de Chalmot were assigned to the 
Willson Aluminum Company, one 
of the predeces<ors of Electro Metal- 
lurgical Company. With its long 
experience in ferro-alloys produc- 
tion, Electromet naturally knows 
how to give all its customers alloys 
of high quality and purity. Write for 
the booklet ‘‘Electromet Ferro-Alloys 
and Metals," which will tell you 
more about silicon and the other 
Electromet alloys. 


Electromet 


Ferro-Alloys & Metals 





Brittle Ships 


(Starts on p. 514) plating and mem- 
bers or missing rivets, amounting to 
defects much greater than those 
which may have initiated disas- 
trous failures in welded ships. 
The Admiralty’s committee early 
turned to a study of complete hulls, 
comparing the all-welded ship to a 
riveted ship of same design (hull 
shape, size, and compartmentaliza- 
tion). Two such ships were studied 
in still water, and cargo and bal- 
last shifted to represent 14 differ- 
ent loading conditions. In_ this 
way it was determined that the 
main longitudinal stresses and 
deflections agreed fairly well with 
designers’ predictions, but certain 
actual stresses were very high, due 
to local effects like bending of plat- 
ing and changes in sections. 
Next an experimental 
across the Atlantic in the winter 
of 1944-45 was made with the riv- 
eted tanker. The ship was fitted 
with instruments to measure 
strains, deflections of the ship 
girder, pressure distributions in 
the hull, wave profile on the side, 
roll, pitch, acceleration, wind 
forces, and automatic cameras to 


ve sage 


produce stroboscopic pictures rep 
resenting the state of the sea. It 
was found that the fluctuations in 
stress accompanying the movement 
of the ship in the particular seas 
encountered were surprisingly 
small, being only of the order of 
+2000 psi. The weather was severe, 
and it is unlikely that the worst 
weather could double this range. 
It must be borne in mind that these 
fluctuations are superimposed on 
whatever stresses exist in the ship 
under internal loads and cargo 
loads as she lies in still water, and 
unlooked-for stress concentrations 
would further increase the maxima. 

This type of experimentation, to 
discover the behavior of complete 
ships’ structures under dynamic 
conditions is still being vigorously 
prosecuted. A 10,000 ton all-welded 
cargo ship built in America has 
been fitted with an even more elab- 
orate set of recording apparatus 
and made her first experimental 
voyage late in 1945. Once the most 
severe conditions encountered in 
service are known, the next and 
final step will be to subject two 
ships (alike except for seams) to 
loadings in still water that repro- 
duce those conditions, and com- 
pare the respective responses. S$ 
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THERMOCOUPLE 
INSULATORS 
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This Gordon Thermocouple 
Takatiichicl am alstslicte Masts Malsl Melits 
plunged into cold water, came 


out just as good as new 


. 


Available only through GORDON 
Servite Thermocouple Insulators are 
made to stand the gaff of excessive 
thermal shock far above norma 
requirements. 

For sturdy and reliable thermo- 
couple insulator performance to 
meet peak production needs— 
Specify Servite...a Gordon develop- 
ment backed by 32 yeors’ experi- 
ence in supplying industry with insu- 
lators that last longer and 
give better results. 


“GORDON 
°* SERVICE. 


Servite Thermocouple !n- 

sulators — in any type or size— 

can be supplied immediately from 

Gordon's large stocks in the Chicago 

and Cleveland Plants. Remember — 

you can always distinguish Servite 
Insulators by their tan color. 


Fish Spine Beads Asbestos String 
Asbestos Tubing Single Hole 
Double Hole Round Double Hole Ovel 


CLAUD S. GORDON CO. 


Specialists for 32 Years in the Heot Treo!" 
ond Temperature Control Fie!d 

Dept. 15 © 3000 South Wallace St., Chicago 16." 

Deot. 15 © 7016 Euctid Avenue © Cleveland 3, 8 
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TROUBLE-SHOOTING with SEAMLESS STEEL TUBING 











OSTUCO'S extensive fabricating 
facilities ore used to produce 











DON bent, beaded, beveled, punched, 

S$ ore slotted and angle cut tubing, ex- 
: ternal and internal upset opera- 

essive tions, as well as plain tubing, 

rma for Deere and Compony. 

ermo- 

ce to 

ds— 

elop- 
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In the assembly of the famous John Deere tractors, numerous parts, ranging 
from radiator vent drain tubes to exhaust pipes, are furnished by The Ohio 
Seamless Tube Company. Deere and Company, alert to every opportunity 
to streamline production, has found OSTUCO Steel Tubing, fabricated to 


its specific requirements, a means of eliminating extensive, time-consuming 







Operations in its own plants. 
OSTUCO tubing, inherently strong and lightweight, is ideally suited for 


applications where severe usage is expected, yet its uniform quality permits This is Walter Oman, one of the 
many members of the OSTUCO 50- 
Year Club, all veterans who have de- 







its use in the most complicated fabricating processes. As a manufacturer, 






you'll be interested in learning how OSTUCO's skilled craftsmanship* and voted a lifetime developing the skill 
‘ s " : ‘ sea and ability that contribute so much 
engineering experience can help improve your production picture. Write to to the OSTUCO tradition of quality 
« ” . “s . «+ @ tradition as old as the history 

the nearest sales office for your free copy of ‘‘M-1,” an informative booklet of tube-making itself. 




















tl on steel analyses, tolerances and machining methods. 

rr 

vite 

THE OCHIO SEAMLESS TUBE COMPANY 

“< SALES OFFICES: Chicago 6, Illinois, Civic Opera Bidg., 20 North Wacker Dr.; Cleveland 14, Ohio, 1328 
Citizens’ Bidg.; Detroit 2, Michigan, 2857 E. Grand Bivd.; Houston 2, Texas, 927 A M & M Bidg.; Los 

Dvel Angeles, Calif., Suite 200-170 So. Beverly Drive, Beverly Hills, California; Moline, Illinois, 225 Fifth Avenue 

O. Bidg.; New York 17, New York, 70 East 45th Street; Philadelphia 9, Pa., 123 S. Broad St.; St. Lowis 6, Plant and Main Office 
Missouri, 1230 North Main St.; Seattle, Washington, 1911 Smith Tower; Syracuse, New York, 501 Roberts 

eed Ave.; Tulsa 3, Oklahoma, Refining Engine & Equipment Co., 604 Ten E. 4th St. Bidg. SHELBY, OHIO 
® Canadian representative: Railway & Power Engineering Corp., Ltd. Hamilton, Montreal, Noranda, North 

— Bay, Toronto, Vancouver, Windsor and Winnipeg. 

—_— 





MANUFACTURERS OF SEAMLESS AND ELECTRIC-WELD STEEL TUBING 


September, 1946; Page 519 









x x : 7 } 
~] i Corrosion of 
—r Od i 4 qs. 
ee 7 Sk, dite all =¥ {A i — = 4 
= ‘7: Te ~ Aluminum ’* 
A | } | a 
| | \% 
if bes > — rj | al : 4 _ 9 : oo . 
SSR ose teed ye ia [NHIBITORS for aluminum | have 
| ) | | i te differently in various acids. The 
HL rane . | i ov) most effective types of inhibitors jn 
} — or ms ae —= t+ . ‘ i, dilute hydrochloric acid are s«luble 
| | ite i - oils, wetting agents, amin, and 
li | | oH bes other nitrogen compounds. (Ch 
| ‘ | . Chro- 
{Une mte + mates are not good inhibitors. Ip 


general, steel pickling inhibitors are 
likely to be effective inhibitors for 


a ae es = ~= 48 a Heals aluminum in hydrochloric acid. 
; " | | * nee | Chromate is highly effective in pre- 


= = 
| | 
} 
| 
= Jit 
cr — - f 
t{ 
= *. 
Ay 
+7 
24 
} { : } 





| se < by | . . . 
J 4 i" | & the wt} venting attack in phosphoric acid 
pa hee od aoe ie : = sons . : ‘ : ° 
2 5 ff a ae | OO | Soe Commercial soluble oils, wetting 
' ] Ly i. ] - Ping agents and amines are good inhib- 
! i | yi i [ er || itors but not as effective as chro- 

{ 3 | iL. it vs 

1 —" + - > SS is - RE ~~ ! mates. Nitrogen compounds or stee] 
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3 ~- a - g° - hydrochloric acid. Very small con- 


centrations of chromates are effec- 
tive in dilute nitric acid (under 
20%). Good inhibitors for alumi 
num in sulphuric are unknown. 
Likewise, no completely satis- 
factory inhibitor is available for 
sodium or potassium hydroxide 
solutions although some agents are 
stated to be reasonably effective. 
Alkaline carbonate or phosphate 
solutions can be almost completely) 
inhibited by additions of sodium 
silicate but substantial ainounts ar 
required at temperatures near the 


DESIGN 
PLUS boiling point. The most effective 
inhibitors in general are the sili- 
HIGH HEAT-HOUR ALLOYS cates with a high ratio of silicate 


to soda. Fluosilicates, chromates, 
Add to Useful Tray Life and permanganates also have some 

inhibiting action but they are not 
widely used. Sodium metasilicate 
can generally be utilized to inhibit 

















The coring of the grids in furnace trays, first used in 


MICHIANA Tray casting construction 20 years ago— the vigorous pitting in certain con- 
: ‘ — centrations of some organic bases. 
provides some advantage under certain conditions. For ae wahede entiakinn taal 
i ‘ ; ; : ‘ ts of salts, the chromates, 

a given weight, this type offers high load carrying capac- p-—aReR Poot 
& 8 yP ) ying P silicates and svluble oils are most 
ity and long life. useful. However, insufficient 
amounts of chromates may cause 
This design is but an example of the countless alloy accelerated pitting. Sodium chro- 
: mate is generally employed as the 
castings products made for over a quarter of a century by inhibitor in sodium chloride brines; 
: . : sodium dichromate is used in cal- 

—s y y : 

MICHIANA—an example that illustrates the ingenuity ies ain tila whhth On 


usually somewhat alkaline. 


and production ability that are available to users of lin 
One of the most difficult types 


heat- and corrosion-resist- of aluminum corrosion to inhibit 
, occurs when aluminum is in con- 

oat alloy castings. tact with copper or some other 
: cathodic metal in a solution con- 

Our practical recommen- taining chlorine ions. Soluble oils, 


silicates and chromates are salls- 


dations are yours for the and , co 
é factory inhibitors (Cont. on p. o-- 


asking.... MICHIANA kAbstracted from “Inhibitors of 

Corrosion of Aluminum”, by ©. & 
PRODUCTS CORPORA- Eldredge and R. B. Mears, Industrial 
TION, Michigan City, Ind. and Engineering Chemistry, 37 








August 1945, pp. 736-741. 
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pecihy MISCO 


HEAT AND CORROSION RESISTING ALLOYS 
IN ROLLED MILL FORMS. 


important reasons why most 
everybody likes to buy Rolled 
Heat and Corrosion Resisting 
Alloys from MISCO 


We have the largest and most complete Our prices on warehouse shipments are 
warehouse stocks for immediate shipment. the same as from mill on most items. 


Because of our large volume 
quality is consistently controlled. 


Use our Warehouse Stocks of: 


MISCO METAL Sheets ———_ Plates amas Rounds @ 
35 Nickel—15 Chromium—Type 330 Squares Ml Hexagons@ Flats a= 


MISCO K PipeO AnglesL. ChannelsLJ Sections ~+y 
25 Chromium—20 Nickel—Type 310 Nuts©)> Gas and Arc Welding Rods aan 


MISCO B Gas and Arc Welding Rods, plain and coated, 
25 Chromium—12 Nickel—Type 309 in Types 330-309-310-312-316-308-430-446. 


Monthly inventory and price lists on request. 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


One of the World’s Pioneer Producers of Heat and Corrosion Resisting Alloys 


1999 GUOIN STREET - DETROIT 7, MICHIGAN 
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REINHOLD 


BOOKS 


Of Interest to the 


METAL WORKING INDUSTRIES 





THE HEATING OF STEEL 
By M. H. MAWHINNEY 
Consulting Engineer, Salem, Obse 


This valuable reference work is indispensable for plant engineers, pro- 
duction men, metallurgists, fuel technologists and designers and students 
in metal-working industries. It covers the three phases of heating furnaces 
for steel—the purpose for such heating, the method of accomplishing 
the heating, and the tools essential for satisfactory heating of steel. 
The book is authoritatively written, based upon the author's many years 


of experience in the field. 


Covers: Chemical Effects of Heating Steel; 


Fuels and Burner Equipment; Temperature Distribution and Furnace 
Control; Heat Transfer and Fuel Economy; The Quenching of Steel; 
Alloys and Refractories; and Steel Mill Furnaces. 


265 Pages 


THE METALLURGY OF 
QUALITY STEELS 
By CHARLES M. PARKER 

A clear and simple introduction and review of the prac- | 
tical fundamentals of steel! metallurgy. Emphasis is 
eam on steel quality, and the production, treatment, 
abrication and use factors that control or are affected by 
it. Also includes a wide range of related topics 


250 Pages Illustrated $6.00 


CALCIUM METALLURGY AND 
TECHNOLOGY 

By C. L. MANTELL and CHARLES HARDY | 
This new volume attempts to correlate laboratory and 
Original research in the metallurgical development of 
calcium production, technology, metallurgical use, de- 
——— of applications, and commercial distribution 
of this important alkaline-carth metal. It contains as 


much of the available information on this subject as is 
possible, including the alloy systems 
150 Pages A.C.S. Monograph No. 100 $4.00 


SILVER IN INDUSTRY 
By L. ADDICKS 


Sponsored by the government's Silver Research Project 
and many important firms in the field, contains articles 
by reeognized experts. Alloys; bonding; coating; con- 
tacts; resistance; catalytic effects; statistics of consump- 
tion; summary; conclusions, appendices, bibliography 
and indexes. 


636 Pages 


A COURSE IN POWDER 
METALLURGY 
By WALTER J. BAEZA 


Production of metal powders; specifications; classification 
of particle size; cohesion; manufacturing problems; ex- 
periments, precautions, results. Indexed 

$3.50 | 


212 Pages 





Profusely Ilustrated $11.00 


Illustrated 


Copiously Illustrated $5.00 


PROTECTIVE COATINGS FOR 
METALS 


By R. M. BURNS and A. E. SCHUH 
This important and far-reaching subject is so compre- 
hensively covered that this book forms a reference work 
invaluable to anyone in the metallurgical field 


407 Pages A.C.S. Monograph No. 79 
89 Figures 5 
METALS AND ALLOYS 


DATA BOOK 
By SAMUEL L. HOYT 
Here—between two covers—are the records of s// metal 
pagaeen 340 tables of engineering property data on 
xh common and rare metals and alloys. Specially 
arranged for easy reference, indexed alphabetically as 
well as by subject. A book to USE . . . aot a thesis 


350 Pages 340 Tables Illustrated $5.50 


CORROSION RESISTANCE OF 
METALS AND ALLOYS 

By R. J. McKAY and R. WORTHINGTON 
Exhaustive study of every kaown form of corrosion from 
every source. Bibliography. Indexed by subject and 
author. 
492 Pages 
66 Figures 


A.C.S. Monograph No. 71 
313 Tables $7.50 


TERNARY SYSTEMS 
Introduction to the Theory of Three Component Systems 
By G. MASING 
Translated by B. A. ROGERS 


Presents for the first time in a way that the beginner can 
easily follow, the fundamental principles of ternary 
systems and the construction of diagrams for }-component 
alloys. Shows not only how to utilize those ternary 
diagrams encountered in the literature, but also how to 
construct diagrams for work, research or study 


173 Pages INustrated $5.00 


10-DAY APPROVAL COUPON 
REINHOLD PUBLISHING CORPORATION 


330 West 42nd Street, New York 18, N. Y. 


Please send on ten days’ approval the books indicated on the attached sheet. At the end of chat time, if I decide to 


keep the books, I will remit indicated price plus postage; otherwise I shall return the books postpaid 


Name 
Address 
City and State 


Employer we oe 


MP-9-46 


(C) Send Free Catalog listing over 200 scientific books. 














Metal Progress; Page 522 








Corrosion o! 


Aluminum 
(Cont. from p. 520) for ¢ les of 
aluminum and copper in itions 
with 10, 50 or 100 p.p.m. sodium 
chloride, with the alkaline silicates 


the most effective. Tricresy| phos- 
phates are the most effective jn 
laboratory tests in preventing per- 
foration of small aluminum cans 
containing gasoline and a synthetic 
sump water or sea salt solution. 
Protection, however, is best pro- 
vided by a tank design to prevent 
water accumulation; it may also be 
provided by chromate inhibitor 
supplied in capsules or by an 
inhibitor-impregnated Alrok oxide 
film. Water may be an inhibitor 
in nearly anhydrous organic acids, 
phenols and alcohols. 8 


Leaded Gun-Metal’ 


RACTICAL TESTS have been 

made to obtain data on gun- 
metals more suited both from the 
practical and economic points of 
view to the production of high 
pressure castings than the admi- 
ralty gun-metal or the 86% copper, 
12% tin, 2% zinc alloy. 

Additions of lead are known to 
promote pressure tightness but at 
the expense of mechanical proper- 
ties, while nickel imparts improved 
mechanical properties. Experi- 
mental foundry tests showed that 
a leaded gun-metal with about 7% 
tin, 5% zinc, 5% lead and the bal- 
ance copper, with or without 
nickel, is more adaptable to the 
production of pressure-tight cast- 
ings of variable section than other 
lead-free or low lead content alloys, 
such as 86% copper, 12% tin, 2% 
zinc; or 88% copper, 10% tin, 2% 
zinc; or 86% copper, 7% tin, 5% 
zinc, 2% lead. Destruction tests 
showed that castings of this new 
alloy have bursting strengths at 
least equal to those obtained from 
the alternate alloys mentioned 
above. A nickel content of about 
3% increased the bursting strength 
in one instance by about 30%. 

Test bars of the new 83-7-5-5 
alloy with less than 1% nickel, cast 
in dry sand, gave the properties 
shown in the table at the top of 
page 524. 

*Abstracted from “The Use of 
Leaded Gun-Metal for the Production 
of Castings to Withstand Pressure”, 
by Frank Hudson. Institute of Metals 
Journal, V. 70, 1944, p. 407 to 422 








en 
in- 






.... for Quick, Accurate 


Examination of 





Metallurgical Specimens 














Equipped with BALCOTED* Objectives 






Designed and built specifically for metallography in either 
the laboratory or factory, the Bausch & Lomb CM Metal- 







lurgical Microscope is a rugged but precise instrument of 


high optical quality. Opaque objects, polished metal speci- 







mens, and the like, may be examined visually. Or, in con- 






junction with a photomicrographic camera, specimens can 






be recorded photographically. 






The Vertical Illuminator assembly is equipped with both 






glass and prism reflectors, and field and aperture diaphragms. 






These permit complete control of the incident beam. The 






Illuminating Unit maintains constant alignment which 






speeds up examination of the specimens. Objectives 






are Balcoted* to increase image contrast. Details 
available in Bulletin E-223. Bausch & Lomb 
Optical Company, 638-9 St. Paul Street, 
Rochester 2, New York. 












*Anti-Reflection Films for Metallographic Objec- 


tives, by James R. Benford—Transactions of the 






American Society for Metals, 1946. 





BAUSCH 6 LOMB 


Cooperating with Men of Science since 1853 






Leaded Gun-Vi«-tal 


(Continued from pa 


o 
OCG PROPERTIES OF CAsT Tr 
WITH 1% Nicxe! 
Proportional limit abou 750 ps 
0.5% yield strength ae 


abou 920 ps 
Tensile strength 30,700 to 42.239 psi 
Elongation in 2 in. 15.0 to 345 
Brinell hardness 6 
Similar test bars on th nickel] 


modifications showed: 


PER Cr NT Nic KEL 





0 35 5.235 
Proportional limit 10,750 12.920 13 440 
0.5% yield 17,920 20.830 24.415 
Tensile strength 30,690 40,990 37.869 
Elongation in 2 in. 15 21 9 
Brinell hardness 62 70 85 


The nickel modifications are 
better for elevated temperature 
service, but the nickel should not 
exceed 3 to 3.5%; otherwise age 
hardening may occur with possible 
embrittlement. 

The new alloy has a specific 
gravity, coefficient of expansion 
and thermal conductivity _practi- 
cally identical with those of other 
gun-metals. There is practically p 
difference between this alloy and 
the 88-10-2 and the 86-12-2 gun 
metals as far as corrosion by sea 
hich cess a Sali or fresh water is concerned. Wear 
gear 21” OD. SAE 1045 steel, tests have clearly demonstrated the 
or equivalent. superiority of this leaded gun-metal 
to the conventional 88-10-2 alloy ir 
FOR STARTER RING GEARS —— regard to bearing properties and 

wear resistance. 
SPROCKETS AND SIMILAR WORK The leaded gun-metal has best 
casting properties when the g 


add 





content is very low; this is readily) 


Produces hard layer at all tooth contact points. secured by melting under strongly 
oxidizing conditions. The optimu 
Preserves tough core of graduated hardness in tooth pouring temperature is similar | 


that used for the other gun-metals. 
; " , ’ The leaded alloy has better machin 

Does away with gear “growth” and distortion, allow- ability than the lead-free gun- 
ing gears to be finish machined before hardening. metals. 6 


for extra shock resistance. 


Operation: Gear is placed on adjustable table and pushed 
over hydraulic elevator which lifts gear into burner ring. 
At end of heat cycle, gear is lowered automatically into Silver B arings* 
timed oil quench, thence to discharge chute. = 


Quenching oil is force circulated, strained and cooled to con- ISE OF silver bearings in airct 
stant temperature. Fuel mixture supplied from Selas gas ‘engines has shown a_ marked 
mixing combustion controller unit passes to super heat increase in the past few years as 3 
burners through double sealed rotating gas gland. Super result of their excellent bearing 
heat burners mounted on extensible arms connected with capacity and fatigue resistance: 
heat resisting flexible metal tubing. When silver is properly prepared 
and bonded to the bearing backing 


its resistance to fatigue ver) 
high, comparable to that 
other known metal. 







© The silver should be as pure as 
rey possible with a = (Cont. o! d2) 
*Abstracted from “Silver Bearings 


934-36 CLARK STREET LANSING 6 MICHIGAN by E. B. Etchells and A. F, Underwood 


mee S.A.E. Journal, V. 53, Sept. 194 i 
(ENDUSTHD | osm 
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THERE'S A Seduce BABBITT FOR EVERY JOB_— 


FEDERATED XXXX NICKEL BABBITT 
is a tin base alloy that will meet all requirements 


for bearings in tough service. The fine grained 
dense structure and the special combination of 
ingredients in this alloy give it the properties 


necessary to resist severe punishment. 


Federated XXXX Nickel babbitt, although 


hard and tough, has an unusually high ductil- 
ity, which accounts for its excellent running-in 
behavior. Its ability to function properly when 
lubrication fails momentarily makes this an out- 
standing babbitt. It is recommended for bear- 
ings that are difficult to lubricate, and is used on 
steamships, steam and electric railroads, en- 
gines, electric motors and generators and many 
other important places. 


Your inquiries are invited. 


FEDERATED METALS DIVISION 


American Smelting and Refining Company 
120 Broadway, New York 5, N. Y. 


Nation-wide service with offices in principal cities 


~ ett on a veneeuse wreeeas Ot 
Taasseee us enueuai ws susaveet 6) —— 
— 


See eee eee eee one 


— ** se 


ALUMINUM + BRASS + BRONZE + BABBITT + DIE CASTING ALLOYS LEAD PRODUCTS SOLDER TYPE METAL + ZINC DUST 
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Gives Continued Accuracy, 
Rapid Measurements 


THE CLARK has everything you 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators, test 
blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS with 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
simple steps. Complete instruc- 
tions, perma- 
nently fas- 
tened to base. 


MASTER DIAMOND 
CHECKING SET elimi- 
mates hardness 
tester errors. 
Consists of a mas- 
ter diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. Fur- 
nished in leather 
case. 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
day! 


CLARKATOR CHECKS DIAL 
INDICATORS 


CLARK 


INSTRUMENT, INC. 


Dearborn, Mich. 


10200 Ford Read ° 











Silver Bearings 


(From p. 524) maximum hardness 
of Vickers 45 (15 kg.). The silver 
layer must be thicker than an ordi- 
nary babbitt layer. The bond 
between the silver and the bearing 
packing must be good. In present- 
day practice, both the electro- 
deposited and the’ thermally 
bonded types have been found to 
produce satisfactory results. Nickel 
is used as the bonding agent in the 
electrodeposited bearings. Heat 
treatment, as for stress relieving, is 
preferably done in a hydrogen-rich 
atmosphere but the silver must be 
oxygen-free to prevent embrittle- 
ment. Experimentally, a small num- 
ber of bearings can be_ suitably 
annealed in a salt bath but heating 
in air will have a detrimental effect 
on the bond because of oxygen pen- 
etration. 

When the thermally bonded sil- 
ver strip is used, the bond is auto- 
matically tested in the bearing 
manufacturing process. After cir- 
cle forming, the steel back can be 
heat treated for greater strength. 
Thin-walled bearings for aluminum 
crankcases can be made with stain- 
less steel or bronze backings which 
give lower thermal expansion dif- 
ferentials. A final visual check on 
the bond can be obtained by indent- 
ing the bearing surface. The per- 
formance, especially in regard to 
embeddability of dirt, can be 
greatly improved by surface indent- 
ing and then filling or partially 
filling the indentations with lead 
alloy. Improved fatigue resistance 
and bearing performance are 
obtained by using the smallest 
practical indentations. 

Years of observation and testing 
have indicated that the fatigue life 
of thin-walled silver bearings is 
about three times that of copper- 
lead bearings. Score’ resistance 
depends on the mechanical condi- 
tions of service as well as on con- 
formability and embeddability. The 
score resistance of the silver is 
about double that of the copper- 
lead. Except for the grid type of 
bearings, the embeddability has 
generally been indicated according 
to the hardness. In embeddability, 
the silver is only about half as good 
as the copper-lead, but the silver 
grid is about twice as good. On 
the basis of resistance to corrosion 
by the acidity developed by the 
oxidation of highly refined mineral 
oil under normal conditions, the 
silver bearings are about four times 
as good as the copper-lead. S$ 
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535 LYONS AVENUE 





Corrosion Resistance and 
Long Life with 
Alloy Steel Castings 


PNileLMmeolilo) MmclaleMEticllall 
castings are higher 
sistance to avid: 
heat, because the analy: 
isis Mee aolaligeliicte Having pio- 
neered many of the revolutionary 
casting methods used today 
Atias metallurgist 
cope with all alloy 
problems. Your inquiri¢ 


vited 


Oliamliiiiselia-ml iin ee ecul 
tellan 5 eleled: of he Ipful data 
two full pages of physical prop- 


write for it today 


STArmLess 
rem 
castimcs 


™ 
ATLAS STAINLESS STEEL CASTING 
DIVISION 


ATLAS FOUNDRY COMPANY 
IRVINGTO? 





